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INTRODUCTION 
Nature and Scope of the Study 
Inadequate knowledge about the supply response of agricultural products 
has hampered the formulation of a sound agricultural price and marketing 
program. Without a more adequate understanding of supply, agricultural 
economists cannot fully evaluate the effects of various programs on the 
volume of production and consumption, the incomes of producers, and the 
welfare of society. Although some research has been focused in this area, 
the problem is still largely one of methodology. 
Previous work in dairy supply response is not adequate to meet the 
current production and marketing problems in dairying. Many of these 
studies were made in specialized dairy areas and, consequently, do not 
apply to those areas where farmers are faced with many possible alterna­
tive enterprises (12, 30, 33). Many were made before World War II, 
therefore cannot be applied to present day conditions because of techno­
logical advances (3, 16, 23). Most of these studies have been restrictive 
in scope—estimating output per cow or total output from a few variables 
such as dairy product prices, feed and labor prices, and the index of 
prices paid for farm products. At least one of the studies has con­
sidered the effect of hog and beef prices on milk production (29). This 
study, the only one to attempt to predict cow numbers, used simply a time 
trend for this purpose. Such an approach is not helpful in understanding 
why cow numbers vary. None of these studies have considered how'the 
farmer's real income position or his asset position, feed supplies, or 
numbers of all kinds of livestock may affect farm output of dairy products. 
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In addition to the traditional statistical methods employed in the 
studies previously mentioned there are some recent developments which hold 
promise of useful results in the study of supply. Among them are the 
simultaneous equation method of estimation, linear programming or activity 
analysis, and the use of distributed lags to estimate long and short run 
responses. Recent developments in the application of linear programming 
or activity analysis in agricultural research suggest that this technique 
has promising possibilities in the area of supply response. In fact, 
Dorfman points out that although mathematical programming has been devel­
oped as a tool fcv economic and business planning and not primarily for 
descriptive and predictive purposes which gave rise to marginal analysis, 
it does have predictive implications (14). Constant prices are, undeni­
ably, a great convenience to the analyst but the method can transcend this 
assumption to the use of variable prices for the derivation of linear 
demand and supply functions. It is with the techniques of the continuous 
capital restriction and variable price programming and with the problematic 
area of dairy supply response that this study shall be concerned. 
Objectives 
This study has as its primary task to determine those factors that 
are responsible for the supply of milk and cream on the farm. Perhaps, a 
more fundamental objective is to gain some insight into the general appli­
cability of linear programming as a tool for supply response research in 
agricultural economics. 
More specifically, the objectives are: 
(1) To determine what effects a fanner's asset position has on his 
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dairy output by obtaining optimum farm plans for a selected group of dairy 
farms in Iowa at various capital levels. 
(2) With the use of variable price programming, to observe what 
changes in dairy production, as expressed by the size of the dairy herd, 
are induced by variations in dairy prices. 
(3) To discover what effects the production of other livestock, the 
availability of labor, and the price of corn and hogs have on the optimum 
size of the dairy herd. 
(4-) To gain some insights into the nature of the firm's supply 
function for milk and cream on the farm. 
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THEORETICAL FRAMEWORK 
The logic and technique of linear programming have been dealt with 
adequately in the literature (5, 11, 14, 15, 19). Several applications of 
the method have been made to farm adjustment and planning problems (17, 20, 
25, 28). Very little attempt, however, has been made to extend linear 
programming to the area of supply response. 
Application of Linear Programming to Specific Problem 
Linear programming is used as a "time saver" in specifying farm enter­
prise choices for farmers insofar as an optimum farm plan can be selected 
by an operator when many alternative enterprises are available to him. 
In this study dealing with supply response in a selected area of Iowa, 
farmers are faced with a complex choice-making problem. Their decisions 
to produce hogs, poultry, cream or whole milk, or what amounts of each or 
all to produce, will depend mainly on the relative profitability of alter­
native enterprises. Programming, as a mathematical technique, permits the 
selection of the most profitable enterprise by the simultaneous considera­
tion of many hundreds of possible plans. It allows specification of the 
most profitable plan with respect to capital, soil, labor and other re­
strictions on the farm. These considerations are of particular interest 
to the dairy farmer in Iowa where many possible alternatives and combina­
tions of enterprises are available. In this study linear programming will 
be utilized, first, to determine the optimum programs for a typical farm 
in a selected area of interest at all capital levels for each of the dairy 
techniques under consideration. Variable price programming is, then, 
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appl:' "i to answer the question, "What price change is necessary to make 
another pu., n optimum, and what changes in output are induced by these price 
variations?" 
Continuous Capital Model 
Certain modifications in the standard simplex method are necessary 
before the continuous capital restriction is applied (9). This modified 
simplex solution is based on two conditions: (l) the optimum program for 
each situation is the one that gives the highest ratio of income to limiting 
resources, and (2) a simplex solution can be derived whereby each new 
activity introduced gives a return to capital (increases in income per unit 
of capital used) higher than for any other program. When the supply of 
capital is exhausted (a) capital becomes a limiting resource and (b) the 
ratio of total income to total capital is at a maximum and the resulting 
program is optimum. This program, referred to as a capital optimum, has 
a marginal return to capital higher than any other program. 
The standard simplex rules are slightly changed for the continuous 
capital model. The capital supply is zero %nd the capital row is ignored 
when finding the outgoing row (row with smallest R). This supply of capi­
tal becomes successively more negative as the solution proceeds„ The ab­
solute magnitude of this negative supply corresponds to the amount of 
capital necessary if the program is feasible. The decision regarding the 
incoming activity is not based on the most negative zj - cj as in the 
standard solution. The decision is now based on a new coefficient, the 
dj. (The dj is defined as dj = sj - cj/aj where zj - cj o and aj, the 
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coefficient in the capital row, is positive). The most negative of the 
dj's determine the activity to be brought in; that is, the activity which 
has the highest return to capital. The iterations are continued until all 
the 2• - c- o or to the point where additional capital will no longer 
J J 
increase income. 
Variable Price Programming Model 
A modified simplex method for obtaining optimum plans for different 
price situations has been devised by Candler (10). This variable price 
programming model involves several important steps. First, the activity 
or activities to which variable prices will be applied (in our case, the 
dairy activity) must be set up in the matrix so as to make variable pricing 
possible. No financial credit is given the dairy activity for cream or 
milk sales but a dairy row is included where the dairy production is re­
corded in physical terms. Then a dairy selling activity is included with 
an appropriate price, A positive one in the dairy row under the selling 
activity denotes that one unit of dairy "resource" is required for the 
"production" of one unit of the dairy selling activity. 
Although the matrix has been set up for variable pricing, the con­
tinuous capital solution can still be applied. Variable .pricing may then 
be applied at any of the capital optimums,, For any other capital level of 
interest, we choose the capital optimum just before the level of interest. 
Then, by adding the difference between the desired and the realized capital 
levels to the capital supply of the realized plan, a new plan is brought in 
at the desired capital level. For example, if we have a capital optimum of 
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$8,530 and the $9,000 capital level is desired, we simply add §470 to the 
capital supply and bring in the activity with the most negative dj for the 
$9,000 optimum. 
When the new plan is obtained, attention is given the Zj - Cj value 
under the dairy selling activity. If the Zj - Cj >0, the price of the 
dairy activity is increased until the dairy Zj - Cj = 0." At this point 
dairy selling can be introduced without affecting the Zj - cj1 s of the 
other activities. The logical interpretation of this step is that as long 
as the dairy zj - Cjy 0, there is an opportunity cost to dairy selling. 
Thus the point must be found where this opportunity cost does not exist, 
i.e., Zj - Cj = 0 before dairy selling is introduced. At this point the 
quantity and price of the dairy activity are observed. Then the question 
is posed, "What is the minimum price change necessary to make another plan 
optimum?" At this point attention is given the coefficients in the diary 
row. These coefficients are denoted by the symbol Dj. For price increases, 
consider only the negative coefficients and for price decreases, only the 
positive coefficients* Find the minimum change necessary to make one of 
the zj - Cj equivalent to zero by computing a AFq row, thusly; 
APd = ~(z3 ~ , i.e., . APd> 0 if Dj <0, or 
Dj 
APd <0 if Dj >0» 
When the minimum absolute ûBq (ûP^ ) is obtained, the activity associated 
with this minimum aBq value is brought into the new plan and the new 
Zj - Cj row (zj - Cj') calculated in the following manner: 
*If the Zj - Cj <0, an optimum solution has not been attained. 
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zj - Cj* = (aBp » Dj) + (zj - Cj) where Zj - Cj^O, 
The dairy price for the new plan is the old price pins &Fjrf. After the 
price and quantity of the dairy activity for the new plan is observed, the 
question is again posed, "What is the ninimum price change necessary to 
make still another plan optimum?" The same procedure is followed as before 
until a new "border" price is found, When the price has been increased 
and/or decreased to the points of interest, a series of linear segments 
can represent the movement from one "border" price to another. These 
segments are referred to as a "stepped" supply function; they show the 
quantities of dairy products that will be offered for sale under each 
* 
price range. 
Assumptions and Limitations of the Study 
In deriving a supply function with the use of linear progranmiog, 
several assumptions are implicit. The production relationships between 
factors and products and among different products are assumed to be linear 
and discontinuous. In the case where two products, say A and B, are 
The traditional textbook concept of supply assumes a continuous sup­
ply function where producers react to infinitesimally small changes in 
price with a change in production. Practical problems both in industry 
and agriculture suggest that individual entrepreneurs do not make changes 
in their production processes with small changes in factor or product 
prices. On the other hand, these problems do suggest that there is a 
"range of price changes" where production processes will not be altered, 
A continuous function may not exist but instead a discrete function where 
production changes are induced only at certain critical points. Such a 
supply relationship is best expressed with discrete "jumps," that is, a 
"stepped" supply function is obtained. While the idea of a stepped supply 
function does not conform to the classical idea of a supply curve, it may 
very well be a better description of the real world. 
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produced, as competitive enterprises from given resources, maximum profit 
is denoted by the condition, AA = % - . where A A and AB refer to the 
AB - C.A 
substitution increments, and Pg refer to the price of the two products, 
and C_a and Cg refer to the "direct cost" of the two products» When the two 
products substitute in a discontinuous manner, the market prices as well as 
the "direct costs" can vary over a range before changes in net price ratios 
merit a shift between the possible combinations» The profit maximizing 
conditions for resource adjustment are: 
If P& > (Pg - Cg) + CA, then product A is substituted for product 
Bj however, if P& < (Pg - Cg) + Ca, the reverse is true* 
The supply function with the use of linear programming assumes that 
producers will operate in the manner most profitable to them. This as­
sumption restricts such a derived function to a normative supply function 
or "what should exist" if producers make rational* economic decisions based 
on perfect knowledge. Such.an assumption, however, is not too divergent 
from traditional economics in the formulation of economic models. This 
supply function is for a single representative firm, and may contribute to 
an aggregate function which is essentially continuous or at least less 
stepped. 
Dairy production is expressed solely in terms of the number of dairy 
cows, a constant ratio existing between total output and the number of 
dairy cows* Dairy production can be increased or decreased by changing 
the levels of feeding as prices oscillate* A number of dairy processes 
^Rational here means that producers decisions are consistent with 
their profit-maximizing goal. 
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reflecting various levels of feeding could be included in a linear pro­
gramming model, if the necessary coefficients were known. Still another 
factor, though probably not as important, is the possibility of buying 
different quality cows in response to price changes without changing the 
size of the herd. This study considers, however, only the change in the 
size of the dairy herd as a determinant of supply 0 
Along with the assumptions, the study includes those limitations 
inherent in any linear programming analysis which have already been 
rigorously discussed in the literature (14, 15, 24). However, the nature 
and scope of the present analysis magnifies at least two of these limita­
tions which merit exposition. These two problems, created by the single-
firm approach and the linear input-output assumption, are the "aggrega­
tion" and the "scale" problems, respectively. 
Most marketing and policy questions require some concept of an ag­
gregate supply relationship for a region or an area. This would require 
the aggregation of the fmpply functions for all the individual firms in 
the area. Besides knowing the supply functions for a 160-acre farm under 
various resource restrictions, we would also have to know these relation­
ships for, shall we say, 100, 200 and 320 acre farms, and the number of 
farms in each of these group sizes. This study considers only the single 
firm analysis but additional inquiry may well be concerned with an extension 
of the analysis to derive an "aggregate function." 
Interwoven in the task of obtaining adequate input-output coefficients 
for linear programming analyses, is the task of handling those enterprises 
and activities whose input-output relationships do not remain linear as 
the "scale of operation" or level of production changes. With the usual 
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assumption of linear input-output relationships, the problem is simply to 
maximize these linear functions subject to the resource restrictions. 
However, there are many situations where these relationships may be 
nonlinear. This may be particularly evident when the relationship between 
capital or labor, for example, and dairy output is considered. 
If such a relationship is one of decreasing returns to the inputs as 
shown in Figure 1, the problem can be handled in a linear programming model 
by approximating the relationship with a series of linear segments. Each 
linear segment becomes a separate activity in the matrix. The function, 
y = f(x). is approximated by the function, y' = f(x). The function, 
yf = f(x), can be embodied in the model as segment a (as shown in Figure 
l) has a higher return than segment b and likewise b has a higher return 
than segment c. 
IJonlinearities that correspond to increasing returns to the inputs 
as shown in Figure 2 present greater complications than those for the 
decreasing return to the inputs. Each successive segment of the function, 
y11 = f(x), has a greater slope than the previous. This relationship is 
not consistent with the maximizing procedure of linear programming; 
therefore, the function y" = f(x) cannot be readily incorporated in the 
usual simplex model. If the segments are considered as separate activities 
in the matrix, segment c would obviously enter the solution first, pro­
hibiting the entrance of either a or b. With the entrance of c, the model 
would then proceed as if decreasing returns existed. 
Also an attempt might be made to estimate y = f(x) by drawing the 
straight line, CP, from the origin. Input coefficients at point X]_ are 
used to estimate point T on the linear segment, OF, but output 0]_ is 
Figure 1. Decreasing returns to the input, 
Figure 2. Increasing returns to the input, 
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obtained instead of the assumed output, Og. Obviously output Og cannot be 
estimated by the input coefficients at but with some coefficients at a 
point Xj! in Figure 2. On the other hand, in Figure 1 output 0^ as well as 
Og can be obtained from point X-]_. 
In order to circumvent the problem created by the increasing returns 
situation, we limit the dairy activity to only one segment of the curve by 
setting up each enterprise for the upper limit of a given herd size range. 
For example, segment a in Figure 2 may represent dairy production fïom 
zero to fifteen cows. It is true, then, that the bias in the results 
varies inversely with the size of the herd for each technique. This pro­
cedure has the obvious shortcoming of not considering the entire range of 
production possibilities but does permit the consideration of possible 
increasing returns situations in the linear programming model. 
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METHOD CF ANALYSIS 
The basic tool of this analysis is linear programming with the con­
tinuous capital and variable pricing modifications in the simplex method. 
In order to accomplish the objectives outlined in a previous section the 
analysis is divided into four broad phases. 
First, attention is given the effect of capital variations on changes 
in the optimum farm organization and, consequently, the induced changes in 
the dairy enterprises. An application of the continuous capital restric­
tion helps to provide answers to such questions as: How does an increase 
in the capital level affect the production of the dairy enterprise? What 
changes in income are induced by these capital level variations? How do 
the marginal returns to capital vary among enterprises at comparable capi­
tal levels? Finally, does an increase in the available capital always 
result in an increase in the size of the dairy herd? 
The second phase of the analysis considers what induced changes in 
the optimum plans occur as the price of the dairy products is varied as­
suming all other prices remain constant at a given capital level. This 
part of the analysis utilizes variable price programming. Interest is 
given to the price where each different dairy technique ''goes out" of the 
farm plan and the production responses at the highest relevant price as 
well as to intervening price changes and output adjustments. Other ques­
tions considered here are what income changes are induced by the variations 
in price; how much income is lost if shifts to the optimum plans are not 
made as prices vary; what adjustments are made among the other enterprises; 
and how do the variations in price affect the marginal return to capital. 
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Since the effect of changing prices and. income positions on family labor 
utilization is one of the interesting and unsettled points of interest 
among agricultural economists, attention shall be given the amount of un­
used labor in each situation under the various changes for the different 
techniques. 
Inasmuch as farm prices seldom vary singularly but simultaneously, the 
variable pricing technique is extended to consider price changes for hogs 
along with the changes in price of the dairy activities. Other analyses 
have found that the bog enterprises usually enter the optimum plans before 
dairying and remain at all capital levels. Further study is given this 
competitive position of hogs by relaxing the hog restriction and consid­
ering variations in the price of hogs along with the dairy price changes. 
Finally we shall consider what shifts, if any, occur in the optimum 
plans as #0.20 increases and decreases are made in the price of corn and 
as a labor hiring is included as an activity in the matrix. 
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AREA OF STUDY, ALTERNATIVE ENTERPRISES AND RESOURCE RESTRICTIONS 
Area of Study and Farm Situation 
Sioux County, Iova, vas selected as the area of concentration for this 
study because of its varied farming programs, particularly the livestock 
program. Located in the north-western section of Iowa near the South 
Dakota line, many of the farmers depend on South Dakota markets as out­
lets for their products. This pattern of farming extends into south­
western Minnesota where diversification rather than specialization is the 
typical farm organization. It is felt that this area approximates the 
types of farming characteristic of the Plain states. Since the estimation 
of the relative profitability of different dairy enterprises to other farm 
enterprises is the main objective of this study, Sioux County's selection 
is further justified, as a substantial quantity of both cream and whole 
milk is produced» Adequate markets, topography, and tradition account 
for the emphasis on dairying in this county which is located just above 
the large cattle-feeding area of Iowa. 
The Galva-Primghar-Sac, Marcus-Primghar-Sac and Moody soil types are 
characteristic of this area. Soil analysts recommend high nitrogen-
phosphate combinations for successful fertilization on most soil in this 
area, while potash is seldom needed (l). According to the 1954 agricul­
tural census, the average farm size for the county was approximately 166 
acres. Cattle and hog production, cream and whole milt production and 
poultry raising were the enterprises with the highest value of products 
sold in the order as outlined. Corn, oats, hay and soybeans dominate the 
crop enterprises. Table 1 shows these and other basic data for the county. 
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Table 1. Basic data for Sioux County, Iowaa 
Total farms 2,842 
Total acres in farms 472,882 
Average size of farm (acres) 166.4. 
Value of land and buildings, average per farm (dollars) 50,316 
Livestock on farms (numbers) 
Cattle and calves 117,149 
Milk cows 19,712 
Hogs and pigs 205,524 
Chickens, 4 months old and over 661,480 
Whole milk production (pounds) 49,253,376 
Cream production (pounds) 2,351,182 
Value of products sold (dollars) 
Whole milk 1,373,364 
Cream 1,374,920 
Hogs and pigs 10,106,352 
Cattle and/or calves 15,085,886 
Poultry and poultry products 1,834,886 
Crops planted (acres) 
Corn 177,879 
Oats 128,557 
Hay13 32,433 
Soybeans 35,434 
Hogs and pigs sold alive (numbers) 227,997 
Cattle and calves sold alive (numbers) 86,834 
Farms by economic class0 (numbers) 
Class I ($25,000 or over) 281 
II (110,000 to $24,999) 1,345 
III ($ 5,000 to $ 9,999) 855 
IV ($ 2,500 to $ 4,999) 270 
V ($ 2,000 to | 2,499) 75 
VI ($ 250 to $ 1,999) 30 
a1954 census. 
^This estimate obtained from Iowa Annual Farm Census, 1954. 
°Value of products sold. 
Farm Organization and Basic Assumptions 
The farm selected for consideration is typical of the soil type, farm 
size, livestock and cropping program, farm machinery and building facili­
ties in the area. Farms from selected townships were studied for the 
county. The typical farm is 160 acres in size with 135 acres devoted to 
crops and rotated pasture, 17 acres to permanent pasture and S acres for 
farmstead, roads and fences. The livestock enterprises considered feasible 
for the area are cattle feeding, spring and fall hogs and dairying. The 
poultry enterprise is supplementary with regard to labor, but competes for 
capital and the feed supply. Table 2 shows the average farm organization 
of the 160-acre farms for the selected townships stratified by the size of 
the dairy herd in 1955. This average organization was the starting point 
for the typical farm from which alternative plans were considered. 
The service buildings on the farm situation analyzed here consist of 
adequate housing for 200 hens, grain and hay storage facilities, a dairy 
barn which can house up to 30 dairy cows and adequate space for 15 litters 
of spring and fall hogs. The grain and hay storage facilities are adequate 
to handle the production from the cropland. The dairy barn is such that 
the necessary facilities can be provided when a shift from selling cream 
to whole milk production is made or when additional space for an expanded 
hog enterprise is needed. 
The machinery and supplies for these quantities of stock represent 
part of the existing stock of capital, along with the buildings, land and 
livestock mentioned in the previous paragraph. It is assumed that the 
capital in livestock and supplies can be converted to forms allowing 
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reorganization and reinvestment, but that capital in buildings, land and 
machinery will be retained in these forms even for new farm plans. 
It is assumed that the farm is owner-operated and that the farmer has 
an established farming business and certain fixed resources at his disposal. 
These resources include land, machinery and buildings. 
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Table 2. Average farm organization of 160-acre farms for selected town­
ships in Sioux County, Iowa, stratified by the size of dairy 
herd in 1955 
Dairy cows - herd size distribution 
Hone 1-5 6-10 11-15 16-20 21-25 Average 
Dumber of farms 12 24 32 17 8 4 
Livestock 
Cattle marketed 
(average number) 31 32 30 36 29 17 31 
Litter of spring hogs 
(number) 11 15 13 14 6 9 12 
Litter of fall hogs 
(number) 3 5 4 6 1 0 5 
Poultry (number) 215 244 229 218 197 370 232 
Crops (acres) 
Corn 64 63 65 65 64 61 64 
Oats 44 44 44 44 43 40 4A 
Soybeans 5 7 11 9 6 0 8 
Hay 16 19 12 13 19 27 15 
Rotated pasture 4 4 4 4 5 4 4 
Permanent pasture 16 15 16 17 16 20 17 
All other land a 8 8 8 8 8 8 8 
aAcres in roads, lots, building sites, woods and waste. 
Source: Iowa Census of Agriculture Crop and Other Farm Statistics 
for selected townships. This information was obtained 
from the records of assessors. 
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Description of Alternative Enterprise 
Within the framework of a linear model, each enterprise, technique or 
manner in which production is carried out is considered as a distinct ac­
tivity, where each output, singly or in combination, depends upon a given 
cost or quantity of inputs used. Consideration of all possible combinations 
of enterprises by linear programming requires that each possible way of 
producing livestock or crops be expressed as an activity. With given 
product prices and input coefficients, then, the problem is to choose the 
enterprises and their levels at which the largest possible returns are 
obtained. 
The basic enterprises to be considered on this farm are five dairy 
enterprises, five cattle feeder plans, spring and fall hog farrowing system, 
a poultry enterprise and five crop rotation plans with four different 
fertilizer levels. All these enterprises compete freely for the available 
resources, except poultry which competes for capital and feed only. Vari­
ous resource restrictions are imposed on the enterprises for the resulting 
solutions so the effects of these restrictions can be observed. 
Besides the livestock and crop enterprises described in the following 
sections, milk selling and hog selling activities are included in the 
analysis. These selling activities are of special interest in this study 
of supply response. 
Dairy enterprises 
Five dairy enterprises are considered feasible for farmers in Sioux 
County. These alternatives are selected on the basis of information 
available from census data, extension specialists, dairy technology and 
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market outlets in the area. Variations in techniques and different quality 
requirements give rise to the various dairy enterprises. Farmers in this 
area may produce either cream, grade B milk in cans or in bulk, or grade A 
milk in cans or in bulk. The average productive life of the cows in each 
enterprise is four to five years. The annual replacement stock for each 
cow is one-third of a cow, one-third of a one-year-old, and one-fourth of a 
two-year-old. Basic data for the dairy enterprises are given in Table 28. 
Cream production. This enterprise includes cows of medium pro­
ducing capacity on fair permanent pasture with average management. The 
average producing capacity of each cow is 275 pounds of but terfat, 5,000 
pounds of skim milk, and the meat sold as beef. Feed costs and net returns 
are calculated on a per cow basis» Net returns for the enterprise reflect 
the value of the butterfat and the skim milk plus the stock sales. 
Grade B milk production in cans» The annual production capacity of 
each cow is 8,000 pounds of 3.5 percent grade B milk. Average managerial 
ability is reflected in the A3 bushels of corn and corn equivalent, 5.5 
tons of hay and hay equivalent, and 160 pounds of soybean meal fed each 
cow. 
Grade B milk production in bulk. This enterprise consists of 
average management and medium producing cows whose milk is handled in a 
bulk tank set-up. Each cow produces 8,100 pounds of 3.5 percent milk an­
nually; an assumed savings of about one percent over the can operation,* 
*Some studies have suggested that the savings for a bulk operation are 
not over one percent of the total production from a can operation (7, 25). 
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The equipment necessary for this enterprise is the same for the producer 
using cans except that a bulk tank replaces cans, rack and a milk cooler. 
Grade A milk •production in cans. Above-average management is as­
sumed for this enterprise where greater care is given to sanitation and 
feeding practices of the herd. Each cow is fed 47 bushels of corn and 
corn equivalent, 5.7 tons of hay and hay equivalent and 280 pounds of soy­
bean meal. The annual production per cow is assumed to be 9,000 pounds. 
Grade A milk -production in bulk. This enterprise replaces all the 
necessary equipment for marketing milk in cans with a bulk tank and a pipe­
line installation. Above-average cows produce 9,100 pounds of milk an­
nually. The same feeding practices as outlined above for the grade A milk 
enterprise are followed here. 
Beef cattle enterprises 
The beef cattle enterprises considered feasible for Sioux County are 
short-fed yearlings, medium yearlings fed in drylot, choice steer calves 
fed on drylot and a beef cow-calf enterprise. Basic data for these enter­
prises are given on a per head basis in Table 29. 
Short-fed yearlings with average management. This enterprise in­
cludes medium yearlings bought in November and sold in May and another 
group bought in May and sold the following November, at an average weight-
gain of 370 pounds. The yearlings, purchased in November at an average 
weight of 670 pounds, are put on a moderately high grain ration as soon as 
possible and are marketed the following April or May. The second lot of 
yearlings are purchased in May, put on pasture and a moderate grain ration, 
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and sold the following November. Market weight averages 1,040 pounds per 
head, and death loss is 1,5 percent. 
Medium yearlings, fed in drvlot. with average management. The 
yearlings, purchased in November at approximately 610 pounds, are sold the 
following September at 1,070 pounds after being wintered primarily on 
roughage and put on full feeding in early summer. The ration includes 55 
bushels of grain and 200 pounds of protein. 
Choice steer calves, fed on drylot. with average management. The 
purchase weight of the steer calves is 430 pounds. They are bought in 
October, and sold the following August at 980 pounds representing a gain 
of 550 pounds. The same feeding practice is followed as in the case of 
drylot fed yearlings except that a greater amoung of grain is necessary. 
Beef cow-calf enterprise with average management. The beef cow is 
used mainly to produce 1,000 pound calves for sale. A 90 percent calf crop 
is assumed with replacements of the cow every eight years; 150 pounds of 
cull cow and 750 pounds of calf is sold per cow each year. The ration in­
cludes 46 bushels of corn and 6.82 tons of hay and 178 pounds of supplement. 
Hog enterprises 
Spring and fall farrowing of hogs are considered in this study. All 
data are calculated on a per litter basis. For both systems it is assumed 
that 7.8 pigs are weaned, 5 percent are lost, and 6.5 pigs are sold at a 
market weight of 220 pounds. One gilt is kept from each litter for far­
rowing in the following year. Table 30 presents the resource, capital and 
feed requirements. 
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Spring hogs with average management. This system includes hogs 
farrowed in April, fed out in pasture, and marketed in October. Pork sold 
per litter, including a 300 pound sow, averages approximately 1,730 pounds. 
Fall hogs with average management. This hog system includes fall 
pigs farrowed in October, fed out in drylot, and marketed in April at 220 
pounds. The amount of pork sold per litter is the same as in the spring 
farrowing. The decline in net return for the fall crop over the spring 
crop is accounted for by the differences in feed requirements and annual 
cash expenses. 
Poultry enterprises 
This enterprise is a supplementary farm laying flock and is replaced 
with new stock each year. It utilizes only the housewife's labor, there­
fore does not compete with the other enterprises for labor. It does com­
pete, however, for capital and feed resources. The average annual produc­
tion of the laying flock is 15 dozen eggs and 4.87 pounds of meat. An 
average of 1.73 sexed chicks per hen must be purchased each year for po­
tential laying. The mortality rates for hens and chicks are estimated at 
15 and 10 percent respectively. The resources and net return are in Table 
31. 
Crop enterprises" 
The following rotations will be considered feasible for farmers in 
Sioux County: corn-oats (CO), corn-corn-oats (CC0), corn-soybeans-corn-
£ 
The feasible rotations, fertility estimates, and production responses 
were obtained from Dr. John Pesek, Department of Agronomy, Iowa State Col­
lege, Ames, Iowa. 
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oats-meadow (CSbCOM), c orn-c or n-oat s -meadow (CCOI-l), and corn-corn-oats-
meadow-meadow (CG01#') « Four levels of fertilisation are considered in 
this study for each rotation: (a) no fertilizer, denoted by the subscript 
0, (b) 25 pounds of available nitrogen, denoted by the subscript 1, (c) 
50 pounds of available nitrogen, denoted by the subscript 2, and (d) 80 
pounds of available nitrogen, denoted by the subscript 3. Thus a CCOHg 
is a corn-corn-oats-meadow rotation with 50 pounds of available nitrogen. 
Hence, there are 20 crop alternatives, 5 rotations with 4 different fer­
tility levels. The estimated crop yields for the various rotations and 
fertility levels are shown in Table 33. 
Resource Restrictions 
Plans in this study are restricted to the resources available to the 
typical farmer in the Sioux County area. The expansion of any enterprise 
or combination of enterprises depends on the fixed quantity of resources 
available to the farmer in the area. These restrictions are indicated by 
the following equation: 
n 
Ax = ^  aijxj where i goes from 1 to 6. 
j=l 
In the equation the a-y refers to the input-output coefficient for the jth 
activity, and xj refers to the level of output for the jth activity. For 
example, the amount of land available for crops and livestock (135 acres) 
must be equal to or greater than the amount utilised at the resulting levels 
*See Table 32 in the Appendix for the available nutrients needed for 
different rotations and fertilization levels. 
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of output in all the enterprises. In all the restrictions the output is 
limited to the resource supply on the farm. The available resources need 
not be utilised completely in the plan. In the case of grain, the amount 
not utilized in the livestock enterprises is assumed sold at the market 
price. 
Labor considered is that of one operator plus additional labor during 
the months of June, July and August. Total hours assumed available are 
390 hours for the three summer months and 260 hours for the remaining 
months. This available labor is utilized for all competitive livestock 
and cropping programs. In addition there are 200 hours of annual labor 
for the supplementary poultry enterprise. Tables 34, 35 and 36 give the 
labor requirements for each enterprise. 
The annual cash outlay is used for the purchase of fertilizer, seed, 
protein supplement for livestock, taxes, fuel and oil, power use, annual 
veterinary expenses, building and equipment repair, depreciation and other 
variable expenses associated with the farm operations. 
The land and housing restrictions have been discussed in a previous 
section on farm organization and basic assumptions for these restrictions. 
Prices Used 
All prices, except the milk prices, used in this study for the fixed 
price programs are projected estimates for Iowa, I960, made by the United 
States Department of Agriculture J'" The milk prices are 1956 average prices 
*These projected prices reflect the general level of prices received 
by Iowa farmers and cost-price relationships are similar to those pre­
vailing in the period 1953-55. These long term prices were developed 
solely for the purpose of research studies and are not for forecasts. 
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for the local Sioux City markets. In various phases of the analysis the 
dairy, hog, and corn prices are varied. The fixed prices are given in 
Table 37 of Appendix A. 
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ANALYSIS OF THE RESULTS 
The results of the profit-maximizing programs for each of the situa­
tions studied are summarized in Tables 3 - 22 of this section.* These 
tables are arranged to follow the broad phases of study as outlined in a 
previous section. The income figures presented in the results have not 
been adjusted for fixed cost; they represent the zj - Cj values obtained 
in the matrix.** 
Optimum Combination of Enterprises with the Various Dairy 
Techniques Using the Continuous Capital Restriction 
Some references have been made to the inability of dairying to com­
pete with cattle feeding enterprises at high capital levels, particularly 
in diversified farming areas. Usually these hypotheses have been ob­
tained from studies (20,25) which considered only cream production or 
grade B in cans. Seldom have other types of dairy enterprises under 
higher quality conditions been included; neither have different techniques 
been considered under varying capital and price levels. One of these 
studies found that the assumed level of management is a decisive factor 
in determining whether dairying enters the optimum plans (23). Results 
in this study suggest that the ability of the dairy enterprise to compete 
with other livestock enterprises depends on: (l) the type of dairy 
*The various situations analyzed are outlined in Table 39 of Appendix B„ 
Simple deductions of the machinery cost, real estate costs, personal 
property taxes, insurance and other miscellaneous costs will adjust these 
figures to net returns fcr each producer. 
30 
enterprise considered, (2) the level of capital investment, (3) the as­
sumed price relationship, as well as (4) the comparative management levels 
among the enterprises. 
Cream production 
When cream production is combined with the other enterprises, the 
dairy enterprise reaches its maximum herd size at the lower capital levels 
then yields to a cattle feeding enterprise as the level of capital invest­
ment increases. The number of dairy cows increases from three at the 
$6,438 capital level to nine at the $8,193 level, remains constant at the 
$8,559 level, and then declines as further capital investment is made. 
With the decrease in cow numbers at these higher capital levels, substan­
tial investments of 23 and 32 short-fed yearlings are included in the 
optimum plans. 
Cream production is a labor intensive enterprise. When nine cows 
enter the plan at the $8,193 capital level, the spring labor resources 
become exhausted. The relative profitability of competitive enterprises 
prevents dairying from drawing resources away from these enterprises for 
further expansion. Cattle feeding enters at these high capital levels, 
competes for the limited spring labor, reduces the dairy herd, and in­
creases as the capital level increases. Hogs and poultry enter the plan 
at the lowest capital level and their numbers remain constant throughout. 
Table 3 summarizes the results of this plan. 
Grade B milt production in cans 
The level of capital investment has no influence on dairy cow numbers 
kept for grade B milk production in cans beyond the $10,640 capital level. 
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Table 3. Optimum combination of enterprises with cream production 
Capi-
Unit 1 2 
Capital level dollars 6,438 8,193 
Income dollars 7,819 8,254 
Cows head 3 9 
Hogs, spring litter 15 15 
Hogs, fall litter — — 
Poultry each 200 200 
Cattle feeding8. head 
— 
— 
Rotation acres 
acres 
135 CCOi 81 CC01 
54 CSbCQM2 
Corn sold bushels 4,160 3,060 
Unused labor*3 
Spring man-hrs. 221 0 
Summer man-hrs. 660 555 
Fall man-hrs. 352 167 
Marginal return 
to capital from 
added enterprise dollars .45 .24 
S^hort-fed yearlings is the cattle feeding enterprise. 
U^nused labor here and in the other tables refer to those man-hour: 
labor necessary for the optimum farm organization has been deducted fa 
Labor necessary for the maintenance of the fixed equipment, such as bi 
construction and repair, is not included in the labor coefficients. 
'prises with cream production 
Capital optimums 
1 2 3 4 5 
6,438 8,193 8,559 13,605 15,599 
7,819 8,254 8,294 8,411 8,453 
3 9 9 7 6 
15 15 15 15 15 
200 200 200 200 200 
— 
—— 
—* 23 32 
5 CCOi 81 CC0]_ 81 CC02 24 CC02 65 CC02 
54 CSbCQM2 54 CSbCCMa 111 CSbCCM2 70 CCQMM2 
1,160 3,060 3,382 0 0 
221 0 0 0 0 
680 555 555 633 406 
352 167 167 163 99 
.45 .24 .11 .023 .021 
eeding enterprise. 
tables refer to those man-hours of labor remaining after the amount of 
ganization has been deducted from the total supply for that period, 
the fixed equipment, such as building and machinery repair and fence 
d in the labor coefficients. 
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Table 4. Optimum combination of enterprises with grade B milk prodi 
Cam 
Unit 1 2 
Capital level dollars 6,526 10,640 3 
Income dollars 7,844 8,879 
Cows head 3 15 
Hogs, spring litter 15 15 
Hogs, fall litter 0 0 
Poultry each 200 200 
Cattle feeding8 head 0 0 
Rotation acres 135 CC01 20 CC01 2 
acres 115 CSbC0M2 115 c 
Corn sold bushels 4,161 1,812 
Unused labor 
Spring man-hrs. 269 0 
Summer man-hrs„ 697 502 
Fall man-hrs„ 371 55 
Marginal return 
to capital from 
added enterprise dollars .436 .251 
^Short-fed yearlings is the cattle feeding enterprise. 
grade B milk production in cans 
Capital optimums 
2 3 4 5 
10,640 10,725 10,768 11,195 
8,879 8,883 8,890 8,897 
15 15 15 15 
15 15 15 15 
0 0 0 0 
200 200 200 200 
0 0 0 2 
20 CCO^  
i CSbC0M2 
20 CC02 
115 CSbCCM2 
30 CC02 
15 CCCMtÇ 
90 CSbCCM2 
69 cco1 
66 CCQMM2 
1,812 1,887 2,096 2,758 
0 0 0 0 
502 502 457 281 
55 55 44 0 
.251 .107 .042 .016 
erprise. 
Dairy govs enter the plan at the $6,526 capital level and increase from 
three to fifteen in the next plan. This increase of $4,1.14 in capital in­
vestment for operating expenses adds #1,035 to income, a marginal return to 
capital of 25 percent. For the remainder of the capital range only §18.00 
is added to the net return, a return of about three percent on the addi­
tional investment. 
Other livestock enterprises, hogs and poultry, are combined -with 
dairying throughout the plan to compete for the limited spring labor which 
becomes exhausted at the $10,640 capital level. Fall labor, which becomes 
short at this same point, is not exhausted until the last section of the 
plan. 
Grade B milk production in bulk 
Grade B in bulk permits a larger dairy enterprise than grade B in 
cans. This is due to the assumed savings in labor for the bulk tank opera­
tion over production in cans. Spring labor does not become limitational 
until the $12,158 capital level is reached with a herd size of sixteen, 
contrasted with a level of $10,640 and fifteen cows for grade B in cans. 
The maximum herd size for the bulk operation is reached at a higher capi­
tal level than for the can operation. The results suggest that beyond the 
$12,000 capital level, it becomes profitable to shift from a can operation 
to a bulk-tank set-up. 
Grade A milk production in cans 
The results of the analyses here seem to indicate that if a farmer in 
the Sioux County area has between $10,000 and #12,000 of capital for opera­
ting expenses, the optimum organization includes 12 or 13 grade A dairy 
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Table 5. Optimum combinations of enterprises with grade B milk production in a 
Dpt.-iranm plans 
Unit 1 2 3 
Capital level dollars 6,705 12,158 12,180 
Income dollars 7,875 9,182 9,185 
Cows head 3 16 16 
Hogs, spring litter 15 15 15 
Hogs, fall litter — — —-
Poultry each 200 200 200 
Cattle feeding8. head — — —— 
Rotation acres 135 CCOi 5 GGOi 5 CC02 
acres 130 CSbCCMg 130 CSbCGM2 
Corn sold bushels 4,160 1,528 1,546 
Unused labor 
Spring man-hrs. 275 0 0 
Summer man-hrs. 716 584 584 
Fall man-hrs. 395 151 88 
Marginal return 
to capital from 
added enterprise dollars .239 .107 
aShort-fed yearlings is the cattle feeding enterprise. 
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E* enterprises with grade B m-nic production in a bulk-tank 
Dpt.-inrum plans 
1 2 3 4 5 
6,705 12,158 12,180 12,444 13,228 
7,875 9,182 9,185 9,199 9,206 
3 16 16 17 18 
15 15 15 15 13 
— 
— 
—- —— 2 
200 200 200 200 200 
135 OOOi 5 CCO^  5 00 02 65 CC02 65 CC02 
130 CSbCQM2 130 CSbCCM2 70 C0QMM2 70 GGQMM2 
4,160 1,528 1,546 2,718 2,552 
275 0 0 0 0 
716 584 584 329 314 
395 151 88 88 0 
.239 .107 .056 .008 
cattle feeding enterprise. 
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Table 3. Optimum combination of enterprises with cream production 
Unit 
Capital level 
Income 
Cows 
Hogs, spring 
Hogs, fall 
Poultry 
Cattle feeding3-
Rotation 
Corn sold 
Unused labor*3 
Spring 
Summer 
Fall 
Marginal return 
to capital from 
added enterprise 
dollars 
dollars 
head 
litter 
litter 
each 
head 
acres 
acres 
bushels 
man-hrs. 
man-hrs. 
man-hrs. 
dollars 
6,438 
7,819 
3 
15 
200 
221 
680 
352 
.45 
8,193 
8,254 
9 
15 
200 
135 CCOi 81 CCO^ 81 C 
54 CSbCGM2 54 CSbC 
4,160 3,060 3,2  
0 
555 
167 
.24 
aShort-fed yearlings is the cattle feeding enterprise. 
U^nused labor here and in the other tables refer to those man-hours 
labor necessary for the optimum farm organization has been deducted fro: 
Labor necessary for the maintenance of the fixed equipment, such as bui 
construction and repair, is not included in the labor coefficients. 
Lses with cream production 
Capital optimums 
2 3 4 5 
38 8,193 8,559 13,605 15,599 
19 8,254 8,294 8,411 8,453 
3 9 9 7 6 
15 15 15 15 15 
00 200 200 200 200 
— —— 23 32 
30^  81 CCO^  81 CC02 24 CC02 65 CC02 
54 CSbC(M2 54 CSbCCM2 111 CSbCCM2 70 CCŒ#2 
SO 3,060 3,382 0 0 
21 0 0 0 0 
30 555 555 633 406 
52 167 167 163 99 
15 . 24 .11 .023 . 021 
Ling enterprise. 
iles refer to those man-hours of labor remaining after the amount of 
dzation has been deducted from the total supply for that period, 
fixed equipment, such as building and machinery repair and fence 
n the labor coefficients. 
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Table 4« Optimum combination of enterprises with grade B milk product 
Cam ta! 
Unit 1 2 
Capital level dollars 6,526 10,640 10,' 
Income dollars 7,844 8,879 8,1 
Cows head 3 15 
Hogs, spring litter 15 15 
Hogs, fall litter 0 0 
Poultry each 200 200 A 
Cattle feeding8 head 0 0 
Rotation acres 135 CC01 20 CC01 20 C 
acres 115 CSbCGMg 115 CSbC 
Corn sold bushels 4,161 1,812 1,2 
Unused labor 
Spring man-hrs. 269 0 
Summer man-hrso 697 502 5 
Fall man-hrs„ 371 55 
Marginal return 
to capital from 
added enterprise dollars .436 ,251 .1 
aShort-fed yearlings is the cattle feeding enterprise. 
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' enterprises with grade B milk production in cans 
Capital optimums 
1 2 3 4 5 
6,526 10,640 10,725 10,768 11,195 
7,844 8,879 8,888 8,890 8,897 
3 15 15 15 15 
15 15 15 15 15 
0 0 0 0 0 
200 200 200 200 200 
0 0 0 0 2 
135 GC01 20 CC01 
115 CSbCGMg 
20 CC02 
115 CSbC0M2 
30 CCOp 
15 CCCMMj) 
90 CSbCCMg 
69 CC01 
66 CCOMMg 
4,161 1,812 1,887 2,096 2,758 
269 0 0 0 0 
697 502 502 457 281 
371 55 55 44 0 
.436 ,251 .107 .042 .016 
cattle feeding enterprise. 
Dairy cows enter the plan at the #6,526 capital level and increase from 
three to fifteen in the next plan. This increase of $4,114 in capital in­
vestment for operating expenses adds #1,035 to income, a marginal return to 
capital of 25 percent. For the remainder of the capital range only $18,00 
is added to the net return, a return of about three percent on the addi­
tional investment. 
Other livestock enterprises, hogs and poultry, are combined with 
dairying throughout the plan to compete for the limited spring labor which 
becomes exhausted at the $10,640 capital level. Fall labor, which becomes 
short at this same point, is not exhausted until the last section of the 
plan. 
Grade B milk -production in bulk 
Grade B in bulk permits a larger dairy enterprise than grade B in 
cans. This is due to the assumed savings in labor for the bulk tank opera­
tion over production in cans. Spring labor does not become limitational 
until the $12,158 capital level is reached with a herd size of sixteen, 
contrasted with a level of $10,640 and fifteen cows for grade B in cans. 
The maximum herd size for the bulk operation is reached at a higher capi­
tal level than for the can operation. The results suggest that beyond the 
$12,000 capital level, it becomes profitable to shift from a can operation 
to a bulk-tank set-up. 
Grade A milk production in cans 
The results of the analyses here seem to indicate that if a farmer in 
the Sioux County area has between -$10,000 and $12,000 of capital for opera­
ting expenses, the optimum organization includes 12 or 13 grade A dairy 
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Table 5. Optimum combinations of enterprises with grade B milk production in a buli 
Optimum plans 
Unit 1 2 3 
Capital level dollars 6,705 12,158 12,180 12 
Income dollars 7,875 9,182 9,185 9 
Cows head 3 16 16 
Hogs, spring litter 15 15 15 
Hogs, fall litter •— —— 
Poultry each 200 200 200 
Cattle feeding8. head 
— — 
Rotation acres 135 CC01 5 CCOi 5 CC02 65 
acres 130 CSbCQM2 130 CSbCCM2 70 C 
Corn sold bushels 4,160 1,528 1,546 2 
Unused labor 
Spring man-hrs. 275 0 0 
Summer man-hrs. 716 584 584 
Fall man-hrs. 395 151 88 
Marginal return 
to capital from 
added enterprise dollars .239 .107 
aghort-fed yearlings is the cattle feeding enterprise. 
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ûbinations of enterprises with grade B milk production in a bulk-tank 
Opt.iTTrnffl plans 
Unit 1 2 3 4 5 
dollars 6,705 12,158 12,180 12,444 13,228 
dollars 7,875 9,182 9,185 9,199 9,206 
head 3 16 16 17 18 
litter 15 15 15 15 13 
litter 
— 
— —— —— 2 
each 200 200 200 200 200 
head 
— — 
—— 
— — 
acres 135 GC01 5 CCOi 5 CC02 65 CC02 65 CC02 
acres 130 CSbC0M2 130 CSbCCM2 70 CCCMM2 70 CCaMM2 
bushels 4,160 1,528 1,546 2,718 2,552 
man-hrs. 275 0 0 0 0 
man-hrs. 716 584 584 329 314 
man-hrs. 395 151 88 88 0 
dollars .239 .107 .056 
to 8 
ings is the cattle feeding enterprise. 
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Table 6. Optimum plans of enterprises with grade A milk production, in cans 
Unit 
Capital level dollars 
Income dollars 
Cows head 
Hogs, spring litter 
Hogs, fall litter 
Poultry each 
Cattle feeding head 
Rotation acres 
acres 
Corn sold bushels 
Unused labor 
Spring man-hrs. 
Summer man-hrs. 
Fall man-hrs. 
Marginal return 
to capital from 
added enterprise dollars 
5,240 
7,350 
3 
15 
135 CC00 
3,581 
281 
714 
382 
.61 
5,989 
7,820 
3 
15 
135 CCOi 
4,41 .81 
259 
705 
382 
.58 
9,958 
9,728 
12 
15 
75 CCOx 
60 CCCMMl 
3,007 
0 
363 
103 
.48 
Ilk production, in cans 
Optimum plans 
2 3 4 5 6 7 
5,989 9,958 10,693 10,804 11,575 11,967 
7,820 9,728 10,064 10,102 10,205 10,248 
3 12 12 12 13 13 
15 15 15 15 0 0 
— 
— 
— — 15 15 
—— 
—— 200 200 200 200 
; ccoi 75 CCOi 75 CCOx 84 CCOi 87 CCOi 87 CC02 
60 CCOL-% 60 CCCMMl 51 CCCMNfe 48 CCCMM2 48 CCCMM2 
.,4-81 3,007 2,687 2,907 2,753 
259 0 0 0 0 0 
705 363 363 383 370 370 
382 103 103 112 11 11 
.58 .48 .46 .34 .13 .11 
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cows, 15 litters of spring or fall hogs, 200 poultry and 135 acres of land 
divided between a CCO and a CCQMM rotation, the resulting level of ferti­
lization depending on the capital level. Tables 3, 4, 5 and 6 show that 
the average return to a given capital level is higher for this dairy 
enterprise than for cream or grade B milk production. It is interesting 
to note that the size of herd for grade A in cans did not go beyond 13 
although the equipment restriction was placed at 20. Again spring labor 
was the limiting factor. 
Grade A milk production in bulk 
The results here appear to be an extension of the capital range for 
grade A in cans. Above the #12,000 capital level, it becomes profitable 
to switch from grade A in cans to grade A in bulk, add four or five dairy 
cows and shift to an intensive hay-producing rotation. For the lower capi­
tal levels, grade A in cans has a higher average return per dollar invested 
than grade A in bulk. 
Capital-income functions for selected dairy techniques 
The capital, income, and herd size data from Tables 3, 6 and 7 are 
presented graphically in Figure 3." Since the relation between resources 
and activities is linear, the points representing successive optima may be 
joined by straight lines. These lines give the optimum programs for the 
capital points between the capital optimums. For example, a dairyman sell­
ing cream with $10,000 of capital should have a herd size of nine cows and 
*A similar comparison can be made with the data in Tables 4 and 5. 
However, the comparison between grade B in cans and bulk would be expected 
to follow the same pattern as between grade A in cans and bulk. 
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Table 7. Optimum combination of enterprises with grade A milk production in a " 
Unit 1 2 3 
Capital level dollars 5,323 6,071 12,522 
Income dollars 7,403 7,842 10,848 
Cows head 3 3 17 
Hogs, spring litter 15 15 15 
Hogs, fall litter — — — 
Poultry each 0 0 0 
Cattle feeding8 head — — 
—— 
Rotation acres 
acres 
135 CC00 135 CQOl 45 ccoi 
90 CCCMMl 
Corn sold bushels 3,581 4,481 2,253 
Unused labor 
Spring man-hrs. 302 280 0 
Summer man-hrs. 728 719 276 
Fall man-hrs. 399 398 65 
Marginal return 
to capital dollars 
.594 .587 .465 
aBeef cow-calf enterprise* 
•oduction in a bulk-tank 
Capital optimums 
3 4 5 6 7 8 
12,522 13,256 13,367 15,076 15,214 15,939 
10,348 11,184 11,216 11,580 11,595 11,602 
17 17 17 23 23 24 
15 15 15 0 0 0 
— 
—— ~ 0 0 0 
0 200 200 200 200 200 
Q 
45 ccOl 45 CCOi 57 CCC^  30 CCOi 30 CCO2 
3 
10 CC02 
90 CCOMMl 90 CCQMM]_ 78 CCCMMg 105 CCCMfe " 105 CCQMM2 125 CCCMMz 
2,253 1,933 2,280 3,195 3,316 2,807 
0 0 0 0 0 0 
276 276 307 215 215 146 
65 65 79 26 27 0 
.465 .457 .287 .213 .107 .009 
Figure 3. A comparison of the capital-income 
cans and bulk milk production with 
curves for cream, grade A in 
corresponding herd sizes. 
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an income of 08,300. The same dairyman could have an income of either 
$9,800 or $9,650 with a grade A can or bulk operation with corresponding 
herd sizes of seventeen and twelve respectively. 
Important implications are suggested from these results. Recommenda­
tions to farmers as to the profitability of shifting from one dairy tech­
nique to another can be based on a comparison of the capital-income func­
tion. For example, at the $6,000 level, the difference in income between 
cream production and any of the grade A techniques is only $150 or $200 
from which must also be deducted any cost of transfer. Producers at the 
lower capital levels may logically predict that it is just as profitable 
for them to remain in cream production as to shift to a higher quality 
set-up. At the higher capital levels the difference between the income-
capital curves is wider. At the $14,000 capital level, for instance, the 
income difference between grade A in bulk and cream is $2,900. This in­
come difference is $1,100 when grade A in cans is considered.* Similar 
implications can be drawn from these curves for other combinations of 
dairy activities and capital levels. 
The capital-income curves, as would be expected, are "concave from 
below" indicating diminishing marginal productivity of capital as addi­
tional investment is made at successive capital levels. 
*Note that the capital-income line for grade A in cans does not in­
crease beyond the $11,967 level. It is at this level that capital becomes 
a non-limiting resource for the enterprises with a grade A in cans tech­
nique. Beyond this point any added capital simply goes in the "capital 
disposal" activity. 
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Optimum Combination of Enterprises with Variable Dairy Prices 
Variable cream prices 
A comparison of the optimum plans in Table S shows that a positive 
relationship exists between the price of cream and the dairy herd size and 
an inverse relationship between the price of cream and the herd size for 
feeder cattle. On the other hand, the capital level has a positive rela­
tionship on the herd size for feeder cattle and both a positive and an 
inverse relationship on the dairy herd size. Thus, the greatest invest­
ment in dairy cows for cream production is induced by high dairy prices at 
low capital levels and the largest investment in cattle feeding at high 
capital levels with low dairy prices. Specifically, the largest invest­
ment in dairying for cream production is eleven cows at the $6,000 capital 
level for a price range of $1.03 to $1.24; on the other hand, a cattle 
feeding enterprise of 37 short-fed yearlings is included at the §15,000 
capital level for a #0.00 - $0.45 price range. 
Figure 4 shows that the stepped supply functions for the two higher 
capital levels are steeper than the function for the lowest level." In 
other words, at the higher capital levels smaller dairy production changes 
are induced by a given change in price than at the lowest level. For ex­
ample, a price change from $0.50 to $1.00 — a 100 percent price increase — 
increases the size of the herd from two to six — a 200 percent increase — 
at the #6,000 level. The same price change increases the number of dairy 
cows from eight to nine, a 12 percent increase, and from six to nine, a 
*We refer to one line, say L-j_, being "steeper" than another, I/>, if 
the ratio of for Lj is greater than the ratio of for Lg when all 
the border functions are connected by a straight line. 
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Table 8. Summary of the optimum plans for variable prices for cream production at sel 
Price Dairy Spring Fall I 
Capital ranges Income ranges cowsa hogs hogs Poultry c 
level (f) (&) (head) (litters Xlitters) (each) ( 
S 6,000 0.00 0.49 0 7542 0 15 0 200 2 be 
0.49 0.67 7542 7621 2 15 0 200 
0.67 0.90 7621 7800 4 15 0 0 
0.90 1.03 7800 7945 6 15 0 0 
1.03 1.24 7945 8293 11 0 0 0 
$ 9,000 0.00 0.45 0 7797 0 15 0 200 12 y 
0.45 0.67 7797 8304 8 15 0 200 
0.67 0.74 8304 8473 8 15 0 200 
0.74 0.92 8473 8891 9 15 0 200 
0.92 1.02 8891 9125 9 5 10 200 
1.02 1.25 9125 9708 10 0 15 200 
1.25 1.59 9708 10584 10 0 12 200 
$15,000 0.00 0.45 0 8055 0 15 0 200 37 y 
0.45 0.67 8055 8441 6 15 0 200 29 y 
0.67 0.74 8441 8570 7 15 0 200 28 yi 
0.74 0.92 8570 8891 9 15 0 200 
0.92 1.02 8891 9124 9 0 15 200 
1.02 1.62 9124 10693 10 0 15 200 4 b< 
F^ractional changes are rounded to the nearest whole number. 
a at selected capital levels 
Feeder Corn Unused labor Marginal Unused 
ry cattle Rotations sold (man-hrs. ) return to capital 
i) (head) (acres') (bu. ) Spring Summer Fall capital ($) (S) 
2 beef-cows 135 COOi 4207 337 749 442 .30 
0 135 CCOl 4216 276 717 396 .45 
0 129 CCOl 6 CCŒ#_ 4332 181 637 313 .46 
0 117 oco„ 18 ccm% 3235 114 550 229 .57 
0 102 CG0, 33 CCŒ% 4530 68 464 160 .77 
12 yearlings 126 CCOg 9 CSbCm2 3504 0 76 3 416 .044 
0 75 CC02 60 CSbCCM2 3087 0 562 167 .023 
0 105 
o
 
o
 
o
 30 CCŒ#12 3682 0 447 139 .016 
0 105 0002 30 cccm2 3879 0 450 141 .0 355 
0 111 CCOg 24 CCGMM2 3829 0 445 75 .0 
0 111 CCOg 24 CCCMM2 3658 0 443 44 .108 
0 111 CC02 24 CCCMM2 4063 0 438 56 .108 
37 yearlings 100 CC02 35 CCCMM2 0 228 689 323 .035 
29 yearlings 86 cco2 49 CCCM% 0 0 474 118 .021 
28 yearlings 69 CCQ2 66 CCGMM2 335 0 410 103 .016 
0 105 CC02 30 CCCMMfe 3879 0 449 141 .0 6349 
0 111 cco2 24 CCCMM2 3803 0 443 43 .0 5826 
4 beef-cows 81 
o
 
o
 
o
 54 CCCMM2 3002 0 334 0 .0 4742 
Figure 4. Stepped supply function for cream at selected capital levels. 
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50 percent increase, at the §9,000 and $15,000 capital levels respectively. 
There is much overlapping between the latter two functions; in fact, only 
at one border price, #1.02, is there a larger herd size for the $15,000 
function than for the $9,000 function. Investments in cattle feeding at 
the higher capital level account for this reduction in the dairy enter­
prise. Income differences between the two levels are only slight with 
$6,349, 15,826, and $4,742 of capital remaining unused at the three highest 
price ranges for the $15,000 capital level. Further investment in dairying 
or cattle feeding is hampered by the hay and spring labor restriction. 
Presumably, if a hay market were available, hay-buying would be profitable 
to enable further investment in the dairy enterprise, but the production 
of additional hay on the farm is not an optimum use of resources. 
Variable prices for grade B milk production in cans 
Price changes at the $6,000 capital level appear to have less effect 
on the absolute herd size for grade B milk in cans than price changes at 
the $9,000 level. In fact, there is greater variation between capital 
levels once dairying enters the plan than among price changes at the same 
capital level. At the assumed average price of $2.70 for grade B milk, 
the optimum plans include 3, 10 and 16 cows for the three capital levels, 
respectively. Herd-size variations within the price range, $2.00 - $4.10 
are from 3 to 6 for the $6,000 capital level; 9 to 14 for the $9,000 level; 
and 14 to 18 for the $12,000 level. When price variations are considered, 
capital is obviously the limiting resource at the lower capital levels 
whereas spring and fall labor combine to restrict the size of the dairy 
herd at the $12,000 capital investment. A short-fed yearling enterprise 
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Table 9. Summary of the optimum plans for variable prices for grade B milk production in 
Price Dairy Spring Fall Feed© 
Capital ranges Income ranges cowsa hogs hogs Poultry cattl 
level ($) (j|) (head) (litters) (litters) (each) (head 
$ 6,000 0.00 2.08 0 7542 0 15 0 200 2 beef-
2.08 2.30 7542 7625 3 15 0 56 0 
2.SO 3.55 7625 7800 4 15 0 0 0 
3.55 4.06 7800 7944 6 15 0 0 0 
$ 9,000 0.00 1.85 0 7733 0 15 0 200 12 yearId 
1.35 2.03 7733 7927 9 15 0 200 0 
2.08 2.70 7927 8466 10 15 0 200 0 
2.70 3.11 8466 8795 10 15 0 200 0 
3.11 3.31 8795 8962 11 15 0 200 0 
3.31 3.93 8962 9501 13 15 0 0 0 
3.93 4.06 9501 9636 14 15 0 0 0 
112,000 0.00 1.85 0 7930 0 15 0 200 24 yearli 
1.35 2.38 7930 8521 14 15 0 200 6 yearli 
2.38 2.70 3521 8889 14 15 0 200 5 yearli 
2.70 3.15 3839 9446 16 7 7 200 0 
3.15 4.11 9446 10656 18 4 3 200 0 
F^ractional changes are rounded to the nearest whole number. 
ction in cans at selected capital levels 
Feeder Corn Unused labor Marginal Unused 
cattle Rotations sold (man-hrs. 1 return to capital 
(head) (acres) (bu. ) Spring Slimmer Fall capital ($) (#) 
2 beef-cows 135 CCO! 4207 337 749 442 .30 
0 135 CGO^  4390 269 697 371 .457 
0 130 CGOl 5 CCCMML 4387 255 674 351 .457 
0 120 o
 
o
 
o
°
 
15 CCCMML 3292 230 607 286 .587 
12 yearlings 135 CCOg 3527 315 778 435 .039 
0 75 CCOG 60 CSbC0M2 3241 129 596 207 .108 
0 66 cco  ^ 69 CSbCCM2 2749 107 580 181 .251 
0 96 cco1 39 CCQMM2 3244 106 441 145 .347 
0 90 CGOx 45 CCŒ% 3041 100 416 125 .395 
0 75 CC&L 60 CCŒ% 3029 50 333 58 .587 
0 70 CCOo 65 CCQM% 2398 35 294 21 .620 
24 yearlings 87 CC02 43 CC0MM2 1441 0 785 383 .044 
6 yearlings 6 CC02 129 CCGMMG 1035 0 527 61 .016 
5 yearlings 66 CC02 69 CCCMM2 2288 0 284 0 .0 
0 115 CSbC0M2 20 CCO2 1882 0 487 0 .0 899 
0 135 CSbCCM2 2184 0 481 0 .0 895 
Figure 5. Stepped supply function for grade B in cans at selected capital 
levels. 
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is included in the plans at the high capital level and low milk price 
range. See Table 9 for other changes in the optimum plans. Figure 5 
shows graphically the variations between milk prices and herd sizes. 
Variable prices for erade B milk production in bulk 
Table 10 presents optimum plans for grade B milk production in bulk 
at the $9,000, §12,000 and $15,000 capital levels. Since investment in a 
bulk tank usually ranges from #1,500 to $2,000, optimum plans for a $6,000 
capital level are not presented. Plans for this level were obtained with 
herd sizes of four and five cows. It would be safe to assume, however, 
that a bulk tank operation would not be profitable at such a low level of 
operating capital with such unrealistic herd sizes. 
In the $9,000 plan dairying enters at a herd size of eight between 
the prices of $1.86 to $2.15. In the next range of $2.15 to $3.57, nine 
dairy cows are included in the optimum plans and then rises to eleven for 
the price range of $3.57 to $3.86. The price range, $3.86 to $4.46 has a 
herd size of twelve. For the entire range there is a 50 percent increase 
in production associated with a 140 percent increase in price. It seems 
that price changes have little effect on herd size once dairying enters 
the plan. Similarly, at the $12,000 and $15,000 capital levels, 140 and 
223 percent price increases induce only 31 and 71 percent increases in 
production. 
At the lower price ranges, larger absolute herd sizes are induced at 
the $12,000 capital level than at the $15,000 level. At the higher capital 
level, short-fed yearling enterprise is combined with dairying in the opti­
mum plan at these lower price levels. But as dairy prices increase, 
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Table 10. Summary of the optimum plans for variable prices for grade B milk production 
Price Dairy Spring Fall Fe 
Capital ranges Income ranges cowsa hogs hogs Poultry ca 
level (3b (J>) (head) (litters) (litters) (each) (h 
S 9,000 0.00 1.86 0 7797 0 15 0 200 12 ye 
1.86 2.15 7797 7970 8 15 0 200 
2.15 3.33 7970 8495 9 15 0 200 
3.33 3.57 8495 8962 9 15 0 200 
3.57 3.86 8962 9173 11 15 0 200 i 
3.86 4.46 9173 9707 12 15 0 200 1 
$12,000 0.00 1.86 0 7930 0 15 0 200 24 yei 
1.86 2.14 7930 8293 16 15 0 200 1 
2.14 2.80 8293 9144 16 15 0 200 ( 
2.80 3.33 9144 9834 16 15 0 200 ( 
3.33 3.56 9834 10147 17 15 0 200 ( 
3.56 3.86 10147 10547 17 15 0 192 ( 
3.86 4.65 10547 11641 21 6 0 0 ( 
$15,000 0.00 1.86 0 8055 0 15 0 200 36 ye; 
1.86 2.30 8055 8570 14 15 0 200 16 yee 
2.30 2.57 8570 8891 15 15 0 200 14 yes 
2.57 2.76 8891 9125 17 15 0 200 C 
2.76 2.96 9125 9446 18 15 0 200 C 
2.96 3.90 9446 10838 20 0 11 200 C 
3.90 6.01 10838 14851 24 0 0 200 4 bee 
F^ractional changes are rounded to the nearest whole numbere 
3tion in bulk at selected capital levels 
Feeder Corn . Unused labor Marginal Unused 
cattle Rotations sold (man-hrs.) return to capital 
(head) (acres) (bu. ) Spring Summer Fall capital ($) ($) 
.2 yearlings 126 CC02 9 CSbCQM2 3504 300 763 416 .044 
0 90 CC02 45 CSbCOMg 3610 180 670 310 .108 
0 105 CCO^  30 o
 
o
 1 3444 159 553 265 .346 
0 99 CCQj. 36 CCCMMl 3294 156 537 257 .458 
0 90 CCOx 45 CCCMMl 3337 118 480 213 .587 
0 84 cco0 51 CCGMM^  2613 108 450 186 .587 
14 yearlings 84 CCOg 51 CSbCCMg 1441 262 785 383 .044 
0 10 cco2 129 CSbC0M2 1663 10 589 160 .107 
0 10 CCOl 125 CSbC0M2 1604 8 588 158 .239 
0 66 CCOl 69 CCCMM2 2507 7 340 96 .347 
0 54 CCQL 81 CCQMMl 2161 1 303 78 .395 
0 54 CCOL 81 CC0M% 2162 0 301 76 .458 
0 39 CCOl 96 CCŒ#. 3001 0 246 45 .458 
6 yearlings 100 CSbCCM2 35 CCCMM2 0 0 689 323 .036 
6 yearlings 115 CSbC0M2 20 CCOM^ z 60 0 555 138 .106 
4 yearlings 51 cco2 84 CCCMM2 1182 0 324 76 .0 
0 66 CCOz 69 CCCMM2 2719 0 329 88 .0 
0 51 
30 
CCOo 54 
CSbC0M2 
CCOMM2 2246 0 371 0 .0 1702 
0 60 CC02 75 CC0MM2 2813 0 294 0 .0 1586 
i beef-cows 10 CC02 125 CC0M% 2850 0 143 0 .0 378 
Figure 6. Stepped supply function for grade B in bulk at selected capital 
levels. 
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slightly larger herd sizes are included in the $15,000 plan. Extreme 
shortages of spring and fall labor cause varying amounts of capital to go 
unused at the higher dairy prices as these resources are withdrawn from 
the hog enterprise. Figure 6 shows these dairy price-quantity relationships 
graphically. 
Variable prices for grarlp. A m-nic production in cans 
The price at which dairying goes out of the optimum plans is succes­
sively lower as the level of capital increases. Apparently, once a pro­
ducer is set up for milk production it will take successively lower prices 
to push him out of production as his capital level increases. 
Generally, a comparison of the results in Table 11 with those of Table 
9 indicates that there is little difference between the profitability of 
grade A milk production in cans and grade B production in cans at the 
$6,000 capital level. Throughout most of the comparable price range, there 
is little difference between the average returns to capital. Too, grade A 
milk production utilizes more labor resources than a corresponding level 
of grade B production. At this capital level a dairy operator should re­
main with the lower-quality enterprise unless he plans to shift to higher 
capital investment in grade A milk production. 
Grade A, however, offers a more convincing choice over grade B at 
higher capital levels. At the assumed average price of $4.05 for grade A 
milk in cans the average return per dollar of capital invested with ten 
dairy cows is #1.029 at the #9,000 capital level. The comparable return 
for grade B milk in cans at the assumed average price of #2.70 with ten dairy 
cows is .881. 
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Table 11. Summary of the optimum plans for variable prices for grade A milk production in car 
Price Dairy Spring Fall Feeder 
Capital ranges Income ranges cowsa hogs hogs Poultry cattle 
level (È) (head) (litters) (litters) (each) (head) 
I 6,000 0.00 2.38 0 7541 0 15 0 200 2 beef-cows 
2.38 3.20 7541 7625 1 15 0 200 0 
3.20 3.94 7625 7800 3 15 0 0 0 
3.94 4.55 7800 7944 4 15 0 0 0 
4.55 5.45 7944 8294 8 0 0 0 0 
$ 9,000 0.00 1.94 0 7797 0 15 0 200 12 yearlings 
1.94 2.23 7797 7969 7 15 0 200 0 
2.23 3.94 7969 9173 8 15 0 200 0 
3.94 4.05 9173 9267 10 15 0 0 0 
4.05 4.55 9267 9708 11 15 0 0 0 
4.55 5.45 9708 10593 14 0 0 0 0 
$12,000 0.00 1.94 0 7930 0 15 0 200 24 yearlings 
1.94 2.53 7930 8522 11 15 0 200 5 yearlings 
2.53 3.10 8522 9125 12 15 0 200 0 
3.10 4.05 9125 10248 13 15 0 200 0 
4.05 4.66 10248 10973 16 0 0 200 0 
4.66 6.35 10973 13516 17 0 0 200 2 beef-cows 
aFractional changes are rounded to the nearest whole number. 
roduction in cans at selected capital levels 
Feeder Corn Unused labor Marginal Unused 
cattle Rotations sold (man-hrs.) return to capital 
(head) (acres) (bu. ) Spring Summer Fall capital ($) ($) 
2 beef-cows 135 000^  4206 338 749 442 .304 
0 135 CCOj 3241 308 738 421 .458 
0 135 GGOi 4476 259 705 382 .458 
0 125 cco1 10 CCŒti^  3390 234 653 333 .588 
0 115 CGOq 20 CGOMM^  4799 278 644 341 .767 
12 yearlings 126 CC02 9 GSbCOMa 3504 300 763 416 .044 
0 90 ggog 45 CSbCQMg 3640 142 645 281 .108 
0 120 cco^ 33 000% 3316 110 509 222 .396 
0 90 CCQl 45 000% 3363 63 446 170 .481 
0 84 CGOq 51 CCOMMl 2634 46 411 138 .558 
0 75 ccog 60 CCCM^ l 4044 90 402 146 .782 
24 yearlings 84 gco2 51 OSbOOMg 1441 262 785 383 .044 
5 yearlings 27 o
 
o
 
108 CSbCQMg 1667 0 587 157 .016 
0 84 cgog 51 CCGMMg 3240 0 383 112 .0 818 
0 87 CC02 48 CC0MM2 3098 0 370 11 .0 32 
0 60 gcog 75 CCCMfe 4189 0 300 66 .004 
2 beef-cows 45 ccog 90 CCCMMl 3650 0 248 44 .029 
Figure 7„ Stepped supply function for grade A in cans at selected capital 
levels. 
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Grade A production in cans becomes less price responsive as the level 
of capital investment increases. This same general pattern also exists 
for grade B in cans and bulk. Grade A production, however, is more price 
responsive for any given capital level when compared with the grade B 
enterprises. At the $9,000 capital level, for instance, grade B in cans 
has a 56 percent production increase associated with a 119 percent price 
increase; grade B in bulk, a 50 percent production increase for a 14.0 per­
cent price increase; and grade A in cans, a 100 percent production increase 
for a 181 percent price increase. The $6,000 and $12,000 capital levels 
show the same general trend. 
Variable prices for grade A milk productsnn in W1V 
Grade A milk production in bulk appears to be more price responsive 
than any of the other dairy techniques. At the $9,000 capital level, the 
number of dairy cows varies between six and thirteen for the price range 
of $1.94 and $5.65, a 117 percent production change induced by a 191 percent 
change in the price of milk. At the $12,000 level, cow numbers vary be­
tween thirteen and nineteen for a price range of $1.93 and $5.65, a 46 
percent production change associated with a 193 percent price change. The 
$15,000 capital level has 118 percent production increase induced by the 
200 percent increase in price. With a few exceptions, the following gen­
eralizations can be made regarding the price responsiveness of the dairy 
enterprises: 
(1) Cream production is less responsive to price change than any of 
the other dairy enterprises0 
(2) Among the other enterprises, grade A in cans is more price 
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Table 12. Summary of the optimum plans for variable prices for grade A milk productioi 
Price Dairy Spring Fall Fe 
Capital ranges Income ranges cows0 hogs hogs Poultry ca 
level (&) (head)(litters)(litters) (each) (k 
1 9,000 0.00 1.94 0 7797 0 15 0 200 12 ye 
1.94 2.24 7797 7969 6 15 0 200 
2.24 3.75 7969 8962 7 15 0 200 
3.75 4.10 8962 9207 9 15 0 0 
4.10 4.70 9207 9707 10 15 0 0 
4.70 5.65 9707 10593 13 0 0 0 
#12,000 0.00 1.93 0 7930 0 15 0 200 24 ye; 
1.93 3.49 7930 9835 13 15 0 200 1 
3.49 4.06 9835 10547 14 15 0 200 ( 
4.06 4.10 10547 10605 16 15 0 0 ( 
4.10 4.70 10605 11470 17 15 0 0 ( 
4.70 5.65 11470 12892 19 0 0 0 C 
$15,000 0.00 1.93 0 8056 0 15 0 200 36 yes 
1.93 1.95 8056 8075 11 15 0 200 16 yes 
1.95 2.54 8075 8896 15 15 0 200 8 yes 
2.54 2.69 8896 9122 16 15 0 200 C 
2.69 2.89 9122 9422 18 4 11 200 c 
2.89 3.93 9422 11231 21 0 6 200 0 
3.93 4.21 11231 11799 23 0 0 200 0 
4.21 5.80 11799 15236 24 0 0 200 0 
F^ractional changes are rounded to the nearest whole number. 
oduction in bulk at selected capital levels 
Feeder Corn Unused labor Marginal Unused 
j cattle Rotations sold (?pm-hrs. 1 return to capital 
) (head) (acres) (bu. ) Spring Summer Fall capital ($) 
12 yearlings 126 cco2 9 CSbCQMa 3504 300 763 416 .044 
0 96 CC02 39 
i I 3766 204 684 331 .108 
0 108 cco^ 27 CCCMMj 3532 186 581 291 .395 
0 96 CCOx 39 CCCMMl 3469 152 518 247 .466 
0 90 CCOo 45 o
 
o
 1 2714 146 490 222 .587 
0 81 CCOQ 54 CC01#L 4148 219 504 254 .766 
24 yearlings 87 CCp2 48 CSbCOMz 1441 262 785 383 .0 
0 20 CCOl 115 CSbC0M2 1854 58 616 200 .346 
0 63 CCO^  72 CCCMMl 2367 54 362 129 .457 
0 54 CC&l 81 CCŒ#L 2433 23 312 92 .465 
0 51 CCOq 84 CCCMMl 2007 19 296 78 .588 
0 42 CCOq 93 CCO% 3440 92 310 110 .766 
36 yearlings 100 CSbC(B2 35 CCCMtfe 0 0 689 323 
16 yearlings 125 CSbC0M2 10 CCOMM2 0 0 636 191 .041 
8 yearlings 51 CC02 80 8
 1 1650 0 306 72 .016 
0 57 cco2 78 CCCMM2 2508 0 308 79 .0 1373 
0 57 CCO2 78 CCCMfo 2345 0 292 0 .0 589 
0 42 CC02 93 CC(MM2 2916 0 243 0 .003 
0 24 cco2 111 CCCMM2 2954 0 193 18 .029 
0 15 CC02 120 0
 
0
 1 2790 0 173 9 .055 
Figure 8. Stepped supply function for grade A in bulk at selected capital 
levels. 
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61 
responsive than grade B in cans; grade A in bulk is more respon­
sive than grade B in bulk; and grade A in bulk appears to be the 
most responsive of all the techniqueso* 
(3) As the level of capital operation increases, the supply for a 
given dairy enterprise becomes more inelastic6 
As one might suspect, grade A and B in bulk have the largest herd 
sizes in the optimum plans of all the techniques studied. An upper limit 
of 23 and 24 cows is not uncommon for both situations at the §15,000 
level. However, when a normal price*** range for each technique is con­
sidered at either the §12,000 or $15,000 capital level, the average return 
to capital with the grade A set-u£ is consistently higher. For example, 
these average return values are .762 and .609 for grade B milk as com­
pared to .879 and .787 for grade A milk, suggesting that investment in a 
bulk tank operation is more profitable for grade A than grade B for the 
given capital levels. 
''An exception here is at the $12,000 capital level where grade A mi IV 
production in cans is more price responsive than grade A production in bulk. 
**Two exceptions exist here. At the $15,000 capital level, both grade 
A and grade B milk production in bulk are more price responsive than their 
corresponding $12,000 levels but less responsive than their $9,000 capital 
levels. 
***A normal price for grade B and grade A milk in bulk is $2.80 and 
$4.10 respectively. 
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Optimum Combination of Enterprises with Selected Dairy 
Enterprises and Relaxed Hog Housing Restriction Using 
Continuous Capital and Variable Hog and Dairy Prices 
The loose housing system for dairy cattle offers a highly flexible 
arrangement that can be easily adjusted or converted to housing for other 
types of livestock if unused by the dairy herd (12). Such flexibility in 
housing permits operators to increase their dairy herd or shift between 
dairying and hog production. In order to consider what effect unlimited 
hog housing opportunities will have on dairy production and income, the 
hog housing restriction of 15 litters has been relaxed in this section. 
Furthermore, variable hog prices are considered along with changes in the 
price of the dairy enterprises. Tables 13 - 18 present the optimum plans 
for cream, grade A milk production in cans, and bulk for this phase of the 
analysis. 
Cream production 
The optimum plans for cream with the relaxed hog housing restrictions 
are presented in Table 13, using the continuous capital procedure. Cream 
production does not enter the optimum plans. The limited hay, corn and 
labor supplies are consumed by large investments of 36, 48 and 53 litters 
of hogs at the $6,109, $7,206 and $8,229 capital levels respectively. The 
final capital optimum of $10,394 has 40 litters of spring hogs and 17 lit­
ters of fall hogs. Most of the rotated land is devoted to the corn-corn-
oats rotation. 
Figure 9 presents the capital-income functions for the cream produc­
tion activity with and without the hog restriction. The income is higher 
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Table 13. Optimum combination of enterprises with cream production and the rel 
Unit 
Capital level 
Income 
Cows 
Hogs, spring 
Hogs, fall 
Poultry 
Cattle feeding 
Rotation 
Corn sold 
Unused labor 
Spring 
Summer 
Fall 
Marginal return 
to capital by 
added enterprise 
dollars 
dollars 
head 
litter 
litter 
each 
head 
acres 
acres 
bushels 
man-hrs. 
man-hrs. 
man-hrs. 
dollars 
6,109 
8,406 
0 
36 
0 
0 
0 
135 CC00 
1,347 
164 
657 
314 
.239 
7,206 
9,256 
0 
48 
0 
0 
0 
126 CC00 
9 CCCM% 
0 
62 
576 
237 
.775 
8,229 
9,952 
0 
53 
0 
0 
0 
27 CCOQ 
93 CCOQ 
15 CCO% 
0 
532 
201 
,680 
aPrice of cream = $0.67 per lb.; price of hogs = $16.00 per cwt„ 
i the relaxed hog restriction6 
Optimum plans 
1 4 5 6 7 G 
29 8,339 8,938 9,093 9,107 10,394 
52 10,007 10,281 10,346 10,350 10,563 
0 0 0 0 0 0 
53 53 53 53 52 40 
0 0 0 0 0 17 
0 0 163 197 200 200 
0 0 0 0 0 0 
'00 
'°0 
% 
123 CGOj 
12 000% 
123 CCOi 
12 CCOMl 
125 00 0^  
10 CCCM% 
125 CCOi 
10 CCCM% 
135 CC02 
0 0 0 0 0 0 
0 0 0 0 0 0 
2 534 534 538 538 542 
1 205 205 206 206 101 
D .498 .457 .419 .342 .165 
Figure 9. A comparison of the capital-income curves for cream and grade A in cans with and without tho 
hog housing restriction. 
Relaxed Hog Rest r ic t ion 
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with the relaxed hog restriction than with the restricted hog production. 
This difference becomes larger as the level of capital investment increases. 
At the $6,000 capital level the difference is only §700 ($8,300 - $7,600) 
but at the $10,000 capital level, this difference increases to $1,690 
($10,04-0 - $8,350). Noteworthy, also, is the comparison of the final 
capital-optimums for the contrasting situations. For the restricted hog 
situation this final plan is at the $15,599 capital level. On the other 
hand, the $10,394 capital level is the final plan for the non-restrictive 
situation. The large investments in the hog enterprises demand a high 
corn-producing rotation. Maximum corn production is reached with the 135 
acres of the 00 0g rotation and the available corn supply prevents further 
investment beyond the $10,394 capital level. 
Variable prices for cream and hogs 
With unlimited opportunities for hog housing, cream production is nob 
profitable within any relevant range of butterfat prices. At the $9,000 
capital level and a hog price of $16.00, only one dairy cow is included in 
the farm plan for a price range between $0.67 and $1.45. When the butter-
fat price is held constant at $0.67 per lb, hog prices must fall to $12,11 
per cut. before the hog enterprise is eliminated from the optimum plans. 
At this level 12 dairy cows replace the hog enterprise along with 200 
poultry, 4 short-fed yearlings, 80 acres of a CSbCQMg rotation and 55 acres 
of a CC0Mp£> rotation. If Plan 5 (Table 14), which has 51 litters of hogs 
and no dairy cows, were adopted at the $12.11 price level for hogs, income 
loss would be only approximately $64.00 ($7,481 - $7,417) where $7,417 is 
the sub-optimum income for Plan 5. On the other hand, if Plan 2 were 
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Table 14. Optimum combination of enterprises with variable prices for cream and hogs at $9,00C 
Optimum plans 
Variable dairy prices5 __________ 
Unit 0 1 2 3 
Price range dollars 0.00-0.67 0.67-1.45 0.00-12.11 12.11-12.28 12.28 
Income range dollars 10,307 10,307-10,324 7,481 7,481-7,555 7,555 
Govs head 0 1 12 5 
Hogs, spring litter 53 48 0 30 
Hogs, fall litter 0 0 0 0 
Poultry each 177 200 200 200 
Cattle feeding head 
— 
— 4 — 
Rotations acres 123 CCOl 120 CCOi 80 CSbCQMg 93 CC02 I 
acres 12 CCQMM-^  15 CCCMMl 42 CSbCOMg 24 i 
Corn sold bushels — — —— 2,112 
Unused labor 
Spring man-hrs. 0 0 0 0 
Summer man-hrs. 536 528 559 564 
Fall man-hrs. 205 199 147 187 
Return to capital dollars .419 .041 .023 .107 
Unused capital dollars 
aHog price = $16.00 per cut. 
C^ream price = §0.67 per lb. 
i hogs at $9,000 capital level 
Variable hog prices 
3 4 5 6 7 8 9 
L1-12.2S 12.28-12.52 12.52-13.18 13.18-13.50 13.50-13.90 13.90-14.15 14.15-16.00 
31-7,555 7,555-7,721 7,721-8,200 8,200-8,439 8,439-8,735 8,735-8,919 8,919-10,307 
5 1 0 0 0 0 0 
30 48 51 51 52 52 53 
0 0 0 0 0 0 0 
200 200 200 200 200 187 177 
93 CCO2 111 CCOi 117 CCOi 126 C00% 
CSbC0M2 24 CSbCCM2 IS CSbCCM2 9 CCGMM2 
2,112 243 7 126 
123 CCOi 123 CCOi 123 CCOi 
12 CCQMM2 12 CC0MM2 12 CCCM% 
39 — —— 
0 
564 
187 
.107 
0 
575 
210 
.248 
0 
583 
223 
.346 
0 
545 
214 
.395 
7 
540 
210 
.457 
3 
537 
207 
.439 
0 
536 
205 
.419 
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adopted when Plan 5 is optimum, income loss would range from $2^ 0 to S719 
since an increase in hog prices is a total loss for Plan 2. From these 
observations one can generalize that where facilities for hog production 
are unlimited, or at least quite large, and income maximization is the sole 
criterion with single-valued expectations, investment in dairy cows for 
cream production is not profitable. 
Grade A in cans 
Grade A milk production in cans does not enter the optimum plans when 
the hog housing restriction is relaxed except in the final capital-optimum 
of 111,218. This final plan includes two dairy cows along with 23 litters 
of spring hogs and 31 litters of fall hogs. Optimum plans are given in 
Table 15. 
Figure 9 compares the capital-income functions for the grade A enter­
prise with and without the hog restriction. The function with the relaxed 
hog restriction is identical with the corresponding function for cream 
except for the final capital-optimum.% Although income is higher for the 
grade A enterprise with the restricted hog production than the corresponding 
income for cream, it is still ïêss than the income from the unlimited hog 
production. The largest income difference between the restricted and the 
unrestricted situations is not at the highest capital levels as in the 
case of cream but at intermediate levels. At the §8,000 capital level, 
this difference is #1,000 ($9,800 - $8,800), while the $11,000 capital 
level has an income difference of #500 ($10,600 - $10,100). 
*This final capital-optimum for grade A in cans is represented by the 
brolcen-line segment in the relaxed hog restriction function in Figure 9. 
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Table 15. Optimum combination of enterprises with grade A mille production in cans and t 
Unit 1 2 3 4 
Capital level dollars 6,109 7,206 8,229 8,339 
Income dollars 8,406 9,256 9,952 10,007 
Cows head 0 0 0 0 
Hogs, spring litter 36 48 53 53 
Hogs, fall litter 0 0 0 0 
Poultry each 0 0 0 0 
Cattle feeding head 0 0 0 0 
Rotation acres 135 CCOQ 126 CC00 120 CC00 123 CC0] 
acres 9 CCCMM, 15 CCQMM^  12 CCOMM-j 
Corn sold bushels 1,347 0 0 0 
Unused labor 
Spring man-hrs. 164 62 0 0 
Summer man-hrs. 657 576 532 534 
Fall man-hrs. 314 237 201 205 
Return to 
capital by added 
enterprise dollars .839 .775 .680 .498 
aPrice of milk = #4.05 per cut.j price of hogs = $16.00 per cwt. 
on in cans and the relaxed hog restriction3 
Optimum plans 
4 5 6 7 8 9 
9 8,339 8,938 9,093 9,107 10,394 11,218 
2 10,007 10,281 10,346 10,350 10,563 10,652 
D 0 0 0 0 0 2 
3 53 53 52 52 40 23 
) 0 0 0 0 17 31 
) 0 163 197 200 200 200 
) 0 0 0 0 0 0 
}0 123 CCOi 123 CCOi 125 CCOi 125 CCOi 135 CCOg 135 CC02 
h 12 CCCMM-l 12 CCQMMi 10 CCCMMj_ 10 CCCMMl 
I 0 0 0 0 0 0 
1 0 0 0 0 0 0 
534 534 538 538 542 522 
205 205 206 206 101 0 
.498 .457 .419 .342 .165 .108 
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Variable prices for grade A milk production in cans and, hogs 
Optimum combination of enterprises with variable hog and dairying 
prices for the $9,000 capital level are summarized in Table 16. With hog 
prices constant at $16.00, dairy cows are not included with the 52 litters 
of spring hogs and 177 poultry within the price range of $0.00 to $4.97 per 
cwt. for milk. When the price range increases to $4.97 - $5.04, five dairy 
cows are included with 37 litters of hogs. The $5.04 - $5,49 price range 
has eight dairy cows and 31 litters of hogs; there is only a $25.00 in­
crease in income over the previous plan. 
An important question is how much of a decline in hog price is neces­
sary before the hog enterprise is eliminated from the optimum plan when 
milk is selling for $4.70 per cwt.* Plan 6 establishes a border for Plan 
lj that is, hog prices can decrease to $15.84 per cwt. without affecting 
the number of hogs or dairy cows in the optimum farm organization. Like­
wise Plan 6 establishes an upper limit for price increases as hog prices 
may increase to $16.67 per cwt. without changing the organization of Plan 
1. Further price decreases for hogs from $15.84 to $15.31 per cwt. induce 
Plan 5 with eight dairy cows and 31 litters of hogs."* Below $15.31 per 
cwt., an additional six dairy cows replace the 31 litters of hogs in the 
optimum farm organization. Plan 4, which summarizes the farm organization 
for the hog price range between $0,00 and $15.31, duplicates Plan 3 when 
T^hege same plans would exist also for $4.97 per cwt. milk price. 
When variable hog prices are considered for Plan 2, Plan 3 becomes optimum 
without a change in hog prices. 
**Note that Plan 3 and Plan 5 have the same combination of enterprises. 
Income, however, is obviously changed. Plan 3 has an income of $10,336 for 
$16.00 hogs and Plan 6 has an income of $10,227 for $15.31 hogs. 
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Table 16. Optimum combination of enterprises with variable prices for grade A 1: 
Variable dairy prices3 
Unit 1 2 3 
Price range dollars 0.00-4.97 4.97-5.04 5.04-5./ 
Income range dollars 10,309 10,307-10,309 10,309-10,32 
Cows head 0 5 
Hogs, spring litter 52 37 3 
Hogs, fall litter 0 0 
Poultry each 177 0 
Cattle feeding head — 
— -
Rotation acres 123 CCO^  105 CCOi 93 CO 
acres 10 CCCMMl 30 CCQMM]_ 42 CCCM 
Corn sold bushels 0 1,377 1*14 
Unused labor 
Spring man-hrs. 0 0 ( 
Summer man-hrs. 536 464 42: 
Fall man-hrs. 205 163 12< 
Return to 
capital by added 
enterprise dollars .419 .457 .49( 
aHog price = #16.00. 
D^airy price = §4.70. 
Lees for grade A in cans and hogs at $9,000 capital level 
Optimum plans 
Variable hog prices^  
4 
5.04-5.49 
10,309-10,336 
8 
31 
0 
0 
0.00-15»31 
9,992 
14 
0 
0 
0 
15.31-15.84 
9,992-10,227 
8 
31 
0 
0 
15.84-16.67 
10,227-10,814 
0 
52 
0 
177 
93 CCOQ 
42 CCCM% 
1,143 
75 CC00 
60 CCCMMl 
4,029 
93 CCOQ 
42 cca% 
1,143 
123 CCOi 
10 CCCMMi 
0 
0 
421 
129 
90 
402 
146 
0 
421 
129 
0 
533 
204 
.498 .672 .508 .457 
Figure 10. Stepped supply response for grade A milk production in cans as 
a function of the price of hogs when milk price equals §4.70 
per cwt. 
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hog prices are $16.00 and. milk prices vary between $5.04 and $5.49. These 
data are presented graphically in Figure 10. 
Grade A milk •production in hnlV 
Grade A milk production in bulk is the only dairy enterprise which 
can compete successfully with unlimited hog production. When the continu­
ous capital solution is applied, the resulting programs follow the same 
general pattern as the plans which include cream and grade A in cans tech­
niques until the $11,666 capital level is attained. At this level, six 
dairy cows are in the optimum plan; spring hogs are reduced from 52 lit­
ters in the previous plan to 19 litters; and 27 litters of fall hogs are 
added. There is also a shift toward a more intensive hay-producing rota­
tion. 
With the increase in capital investment, higher dairy production is 
induced; the largest increase being from six to twenty-one cows as the 
capital optimum increases from $11,666 to $14,725. Hog production is re­
duced to only eight litters at the $14,725 capital level. Further capital 
increases eliminate the hog enterprise while dairy cows reach a Tna-x-inmm 
of 23 in the $15,075 capital-optimum. The results here indicate that when 
the hog restriction is relaxed, $l6.00-hog production is able to keep-out 
cream and grade A production in cans, but the more efficient dairy enter­
prise, grade A in bulk, is able to compete successfully for the limited 
resources at the higher capital levels. 
A comparison of the capital-income curves for the grade A in bulk 
set-up with limited and unlimited hog production can be made from Figure 
11. The largest difference in income is between the $9,000 and $10,000 
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Tablé 17. Optimum combination of enterprises with grade A milk production in 1 
Optimum 
Unit 12 3 
Capital level dollars 9,109 11,666 14,725 
Income dollars 10,351 10,888 11,512 
Cows head 0 6 21 
Hogs, spring litter 52 19 0 
Hogs, fall litter 0 27 8 
Poultry each 200 200 200 
Cattle feeding head 0 0 0 
Rotation acres 123 CCOi 114 ccoi 45 CC0]_ 
acres 12 CCQMM2 21 CCQMM2 90 CCCMM2 
Corn sold bushels 0 0 2,595 
Unused labor 
Spring man-hrs. 0 0 0 
Summer man-hrs« 258 462 352 
Fall man-hrs. 206 0 0 
Return to capital 
by added 
enterprise dollars .344 .209 .203 
75 
enterprises with grade A milk production in bulk and the relaxed hog restriction 
Optimum plans 
1 2 3 4 5 6 
9,109 11,666 14,725 15,075 15,214 15,936 
10,351 10,888 11,512 11,581 11,596 11,602 
0 6 21 23 23 23 
52 19 0 0 0 0 
0 27 8 0 0 0 
200 200 200 200 0 0 
0 0 0 0 0 3 beef cows 
123 CCOI 114 CCOi 45 CCOjL 105 CCQMM2 105 CC0MM2 125 CCQMM2 
12 CCCMM2 21 CCQMM2 90 CCCMM2 30 CCOi 30 CC02 10 cco2 
0 0 2,595 3,182 3,303 2,794 
0 0 0 0 0 0 
258 462 352 215 215 146 
206 0 0 28 28 0 
.344 .209 .203 .198 .108 .009 
Figure 11. A comparison of the capital-income curves for grade A milk production in bulk with and without 
the hog housing restriction. 
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capital levels vith the unlimited-hog function again representing the 
higher income level. The two curves become almost equivalent beyond the 
$14# 000 capital level and are identical at the §15,075 capital level. 
Variable prices for grade A milk production in bulk and hogs 
Variable pricing for dairying and hogs are applied at the $9,000 capi­
tal level. Three price levels for hogs are considered relevant — S14.00, 
$16.00 and $19.00 per cut. 
With §19.00 hogs, grade A milk prices must rise within the range of 
|5.5S - |5.70 before dairy cows are included in the optimum plan. Here 
only four cows are in the plan along with 45 litters of hogs. The increase 
in income is only #7.00 over the previous no-dairying plan with 52 litters 
of hogs. With the small herd size for dairying for bulk tank operation, 
recommendations would undoubtedly include an all-hog livestock program. 
When hog prices decrease to $16.00 per cwt. a reasonable dairy herd 
size for bulk tank is attainable. With the price range for milk between 
$5.29 - $5.70, thirteen dairy cows replace the hog enterprise. As a re­
sult of this shift, 4,137 bushels of corn are sold at the assumed price of 
#1.30 per bushel. Below the $5.29 price for milk, large investments of 
43, 45, 47 and 52 litters of hogs are profitable with dairy herd sizes of 
five, four, three and zero for respective plans. 
At the 113.96 price for hogs, larger dairy herd sizes are optimum fol­
lower milk price ranges than at any of the previous hog prices. With a 
minimum price of $4.10 for milk, thirteen dairy cows are included in the 
optimum plan. This number increases by one as milk price increases above 
#4.70, producing the same plan attained with #5.29 milk and $16.00 hogs. 
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Table 18. Optimum combination of enterprises with variable prices for grade A in 
Dairy 
Price range Income range cows Hogs Poull 
(S) [JjJ (head) (litters) (eat 
Hog price 0.00 4.08 8,775 0 52 
#13.96 
per cut. 4.08 4.10 8,775 8,780 3 47 
4.10 4.70 8,780 9,436 13 0 
4.70 7.66 9,436 12,983 14 0 
Hog price 0.00 4.57 10,307 n 52 $16.00 
per cwt. 4.57 4.79 10,307 10,309 3 47 
4.79 4.90 10,309 10,336 4 45 
4.90 5.29 10,336 10,476 ' 5 43 
5.29 5.70 10,476 10,646 13 0 
Hog price 0.00 5.58 12,570 0 52 $19.00 
per cwt. 5.58 5.70 12,570 12,577 4 45 
5.70 6.70 12,577 12,934 5 43 
3 prices for grade A in bulk and hogs at $9,000 capital level 
liry Feeder Corn Unused 
lows Hogs Poultry cattle Rotations sold capital 
lead) (litters) (each) (head) (acres) (bu.) ($) 
0 52 187 —— 123 GCOL 12 CCOy% — — 
3 47 — — 111 CCOi 24 CCCM% 574 — 
13 0 — — 87 cco1 48 CC0M% 4,830 — 
14 0 — — . 81 CC00 54 GCCMMl 4,137 — 
p 52 172 —— 123 CCO^ 12 CCCM^ — —— 
3 47 — — 111 CCQi 24 GGC#^ 574 — 
4 45 — — 102 CCOl 33 CCŒ% — — 
5 43 — — 102 cco^ 33 CCCM^ — — 
13 0 
— — 
91 GGOj 54 GGŒ% 4,137 — 
0 52 172 — 123 GC01 12 CCCM^ — — 
4 45 — — 105 CGO^ 30 GGO% — • —  
5 43 — — 102 CGOi 33 CCCM^ — — 
Figure 12. Stepped supply function for grade A milk production in bulk at 
various hog prices. 
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In general, the results show that with unlimited hog housing facilities 
and average hog and dairy prices, dairy production is eliminated from the 
optimum farm organization except for grade A in bulk. Such results do not 
imply that all farmers in the area should provide more hog housing facili­
ties and increase hog production. Other reasons such as (l) the reduction 
of annual income variability or (2) superior dairy management ability may 
exist for combining a dairy enterprise with restricted hog production. 
While cream production does not enter the optimum plans for any rele­
vant hog and dairy price range, grade A dairying appears to be more re­
sponsive to hog price changes than to dairy price changes when there is 
no restriction on hog production. 
Optimum Combination of Enterprises for Cream and 
Grade A Milk Production with a Labor Hiring 
Activity Using Continuous Capital 
When labor buying is included as an activity with cream production, 
from 189 to 200 hours of spring labor is bought, depending on the level 
of capital investment, at a price of $1.04 per hour.* The high labor con­
suming enterprise, cream production, and the low labor consuming enterprise, 
short-fed yearlings, are affected more markedly by the labor-buying ac­
tivity at the higher capital levels than other enterprises. 
A comparison of the results in Table 19 with those of Table 3 will 
show that labor-buying does not alter the optimum plans until after the 
*The $1.04 is the average monthly wage rate without room and board 
for spring labor in Iowa for 1956 (2). 
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Table 19. Optimum combination of enterprises with cream production am 
Unit 1 2 -
Capital level dollars 6,433 8,193 9/ 
Income dollars 7,819 8,254 
Cows head 3 9 
Hogs, spring litter 15 15 
Hogs, fall litter — —— 
Poultry each 200 200 A 
Cattle feeding head — — 
Rotation acres 135 CCOi SI CCOl 30 C 
acres 54 CSbCCM2 105 CSbC 
Corn sold bushels 4,160 3,060 2,C 
Labor hired8. man-hrs. -- — 2 
Unused labor man-hrs. 
. 
Spring man-hrs. 221 0 
Summer man-hrs. 680 555 4 
Fall man-hrs. 352 167 
Return to 
capital by added 
enterprise dollars .45 .24 .1 
aAll labor purchased is spring labor. 
cream production and a labor liiring activity 
Capital optimums 
3 6 5 6 
8,193 9,779 9,921 12,748 13,402 
8,254 8,440 8,455 8,519 8,529 
9 10 10 13 12 
15 15 15 15 15 
200 200 200 200 200 
—— — — 13 16 
30 CCOI 30 CC02 135 CSbCOMg 135 CSbCGM2 
105 CSbOOMg 105 CSbCQM2 
2,066 2,191 300 0 
— 200 200 197 189 
0 0 0 0 0 
555 442 442 487 478 
167 0 0 0 0 
.24 ,117 .107 .022 .014 
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$8,193 capital level is reached. The hiring or extra spring labor beyond 
this level permits the dairy enterprise to expand to thirteen cows from 
nine cows reached at the $8,193 level when only family labor is considered. 
On the other hand, short-fed yearlings are restricted to a maximum of six­
teen for the labor-hiring situation as compared to a maximum number of 
thirty-two when only family labor is available. Decreases in dairy cows 
associated with capital level increases are reduced when extra labor is 
hired; the only reduction is from thirteen to twelve cows as the capital 
level increases from $12,748 to $13,402. 
From Figure 13 several effects are evident when extra labor is hired. 
First, there is a sharp increase in the size of the dairy herd. Second, 
income is increased by approximately $150 over the income received when 
labor hiring is not included for the same capital level. Third, the point 
beyond which additional capital will not increase income is less when 
spring labor is hired than when only family labor is available. The final 
capital optimum is $13,402 for the labor-hiring situation as compared to 
a $15-599 optimum for the non-labor hiring case. However, the $13,402 
plan gives $76.00 more income than the $15,599 plan. An operator at the 
$13,402 capital level has to increase his capital investment by more than 
$2,197 in the non-labor hiring situation to attain approximately the same 
income he could have obtained by hiring 189 hours of spring labor. 
Table 20 presents the optimum plans for grade A in cans with the re­
laxed hog restriction and a labor hiring activity. A comparison of the 
results with those of Table 15 shows that in addition to an increase of 
seven dairy cows in the final optimum plan, the numbers of hog litters are 
increased only slightly in a few plans. More significant, the marginal 
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Table 20. Optimum combination of enterprises with grade A milk production in cans, relaxed 
Unit 1 2 3 4 
Capital level dollars 6,109 7,206 8,229 8,554 
Income dollars 8,406 9,256 9,952 10,140 
Cows head 0 0 0 0 
Hogs, spring litter 36 48 53 54 
Hogs, fall litter 0 0 0 0 
Poultry each 0 0 0 0 
Cattle feeding head 0 0 0 0 
Rotation acres 135 CC00 126 CCOq 120 CC00 120 OCOI 
acres 9 CCŒ-% 15 CCOA-IJ 15 CCŒ#I 
Corn sold bushels 1,347 0 0 0 
Labor hired man-hrs. 0 0 0 19 
Unused labor 
Spring man-hrs. 164 62 0 0 
Summer man-hrs. 657 576 532 519 
Fall man-hrs. 314 237 201 190 
Return to 
capital by added 
enterprise dollars .839 .775 .680 .579 
aPrice of milk = #4.05 per cwt, price of hogs ! = $16.00 per cvto; price of labor = $1.0^  
oduction in cans, relaxed hog restrictions and a labor hiring activity3 
3 4 
Optimum plans 
5 6 7 Ô 9 
8,229 8,554 8,640 9,093 9,106 10,066 12,820 
9,952 10,140 10,181 10,346 10,346 10,664 11,511 
0 0 0 0 0 0 9 
53 54 55 52 52 56 45 
0 0 0 0 0 0 0 
0 0 0 197 200 200 200 
0 0 0 0 0 0 0 
120 CC00 120 CCOJ 120 CCOI 123 CC01 123 CCOi 120 CC02 81 cco2 
ccoH'ij 15 CCOM'^  15 CCQMMj_ 12 CCCMM2 12 CC0MM2 15 CC0MM2 54 CCQMMG 
0 0 0 0 0 0 0 
0 19 23 0 0 35 180 
0 0 0 0 0 0 0 
532 519 520 538 538 510 284 
201 190 188 206 206 179 0 
.680 .579 .477 .364 .342 .326 .301 
« price of labor = $1.04 per inan-hr. 
Figure 13. A comparison of the income levels and dairy cow numbers with 
and without a labor-hiring activity for cream production at 
$9,000 capital level. 
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return to capital is higher in those plans where spring labor is hired 
when compared to corresponding capital levels without labor hiring. 
The results from the analysis with a labor hiring activity suggest 
the following generalizations: (l) The availability of hired labor has 
little effect on the optimum farm organization except at the higher capi­
tal levels. (2) At these levels of capital investment, the dairy enter-
price is decreased; the cattle feeding enterprise is decreased, if in­
cluded in the plan with no labor; and the hog enterprises remain about 
the same. (3) The hiring of labor increases the marginal productivity of 
capital for a given level in investment. 
Optimum Combination of Enterprises with Discrete 
Changes in the Price of Corn Using Continuous Capital 
It was suspected that an increase or a decrease in the price of corn 
would increase or decrease the size of the dairy herd relative to the size 
of the hog enterprise. Twenty-cent increases and decreases in the price 
of corn from $1.30 per bushel were considered in the analysis of grade A 
milk production in cans with the relaxed hog housing restrictions. The 
results did not confirm conclusively the preconceived notions stated above. 
Table 21 presents the optimum plans for a twenty-cent increase in the 
corn price. A comparison of the plans in Table 21 with those of Table 15* 
shows that an increase in the price of corn to #1.50 per bushel results in 
""Table 15 presents the optimum plans for grade A milk production in 
cans when corn is selling for $1.30 per bushel. 
go 
Table 21. Optimum combination of enterprises with grade A milk production i; 
increase in corn price 
Optima 
Unit 12 3 
Capital level dollars 6,857 8,368 9,094 
Income dollars 9,296 10,078 10,346 
Cows head 0 0 0 
Hogs, spring litter 36 52 52 
Hogs, fall litter 0 0 0 
Poultry each 0 0 197 
Cattle feeding head 0 0 0 
Rotation acres 135 CCOi 123 CCOi 123 CCOx 
acres 12 CC0MM2 12 CC0MM2 
Corn sold bushels 2,247 316 0 
Unused labor 
Spring man-hrs. 142 0 0 
Summer man-hrs. 648 538 538 
Fall man-hrs. 314 206 206 
Return to 
capital by-
added enterprise dollars .619 .517 .371 
ith grade A milk production in cans, relaxed hog restriction and a $0.20 
Optimum plans 
2 3 4 5 6 
8,368 9,094 9,106 9,666 11,789 
10,078 10,346 10,350 10,509 10,920 
0 0 0 0 17 
52 52 52 52 0 
0 0 0 0 0 
0 197 200 200 200 
0 0 0 0 0 
123 CCOi 123 CCOi 123 CGOx 123 CC02 66 CC02 
12 GG(EM2 12 CC0MM2 12 CCQMM, 12 CCCMM2 69 CCCMM2 
316 0 0 492 4,341 
0 0 0 0 0 
538 538 538 538 320 
206 206 206 206 74 
.517 .371 .341 .283 .193 
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Table 22. Optimum combination of enterprises with grade A milk production in cans, rela: 
Unit 1 2 3 4 
Capital level dollars 6,109 7,047 7,206 8,229 
Income dollars 8,137 9,115 9,256 9,952 
Cows head 0 0 0 0 
Hogs, spring litter 36 46 48 53 
Hogs, fall litter 0 0 0 0 
Poultry each 0 0 0 0 
Cattle feeding head 0 0 0 0 
Rotation acres 135 CC00 120 CC00 . 126 CC00 30 CC00 
acres 15 CSbC0M0 9 CCCMMj_ 105 CCOl 
Corn sold bushels 1,34-7 — — ~ 
Unused labor 
Spring man-hrs. 164. 75 62 0 
Summer man-hrs. 657 614 576 532 
Fall man-hrs. 314 252 237 201 
Return to 
capital by added 
enterprise dollars 1.06 1.04 .89 .68 
production in cans, relaxed hog restriction and a $0.20 decrease in corn price 
Optimum plans 
3 4 5 6 7 G 9 
7,206 8,229 8,939 9,094 9,106 10,394 11,218 
9,256 9,952 10,281 10,346 10,351 10,564 10,651 
0 0 0 0 0 0 2 
48 53 53 52 52 40 23 
0 0 0 0 0 17 32 
0 0 197 198 200 200 200 
0 0 0 0 0 0 0 
. 126 CGOq 30 CC00 135 CCOi 135 CCOi 135 CCOi 135 CC02 135 CC02 
9 CCOMMj 105 CCOj 
62 0 0 0 0 0 0 
576 532 534 538 538 542 522 
237 201 205 206 206 101 0 
.89 .68 
.47 .42 .34 .17 .11 
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a substantial increase in the dairy enterprise and the elimination of the 
hog enterprise from the final optimum plan. The final capital-optimum of 
111,218 includes 23 litters of spring hogs, 31 litters of fall hogs and 
only 2 dairy cows when the corn price is Si.30 per bushel. With the price 
of corn at $1.50 per bushel, the final plan has 17 dairy cows, no hog pro­
duction and 4,341 bushels of corn sold. This plan has an increase of #268 
(#10,920 - $10,652) in income over the Si.30-corn-price plan. The hog-corn 
price ratio of 10.6 to 1 for the $>1.50-corn price results in a decrease in 
hog production and an increase in the dairy herd. 
When the hog-corn price ratio increases to 14.5 to 1 for the $1.10-
corn price, the result is not an increase in hog production with decreases 
in dairying. Plans in Table 22 are almost identical with those of Table 
15. Factors other than price — hay and corn requirements and spring and 
fall labor resources — combine to prevent further increases in the al­
ready large investments in hog production. The cropping plan for the 
final capital-optimum of $11,218 calls for 135 acres of the high-corn pro­
ducing rotation, CCOg. 
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IMPLICATIONS OP THE RESULTS OF THE STUDY 
The foregoing sections have presented the summary of the results ob­
tained in the analyses. Certain scattered inferences are made as these 
results are presented. This section will discuss some over-all signifi­
cance and implications of the estimates developed and presented in this 
study. An attempt to relate the results to policy questions as well as to 
on-the-farm adjustments is made. It is hoped that more study and empiri­
cal work will build successively into broader applications of linear pro­
gramming to the analysis of industry and regional supply relationships. 
Production Flexibility and Price Change 
The inflexibility of farmers' production patterns as prices change 
has been observed by agricultural economists for some time. Although 
there is little empirical work to explain this inflexibility, certain hy­
potheses have been advanced in this area. Some economists viewing the 
constancy of agricultural production have put forth the hypothesis that 
either (a) farmers are not primarily motivated by profit maximization 
goals or (b) certain technical relationships within the farm firm prevent 
the firm from readily adjusting to price changes (18, page 675). Within 
the framework of the linear programming model several situations are re­
vealed where the inflexibility of dairy output is not inconsistent with 
profit maximization as dairy prices oscillate but rather these situations 
suggest that the hypothesis advanced above in part (b) is more nearly cor­
rect. These situations are (l) the wide range in which the prices of some 
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enterprises may oscillate without changing a given optimum enterprise com­
bination, (2) the small production changes associated with different opti­
mum plans as prices change and (3) the small change in income associated 
with some other optimum plans as prices change. The extra income derived 
from shifting to the optimum plan induced by a price change may be so small 
as to engender production inflexibility. 
Empirical results indicate very wide price ranges for cream production 
without induced changes in the enterprise combinations. For example, when 
the price per pound for butterfat increases from $0,4.5 to $0.74 at the 
$9,000 capital level the number of dairy cows included in the optimum plan 
remains at eight.* When this price range is extended to $1.02, dairy cows 
increase from eight to nine. Likewise at the same capital level, when the 
price changes from $2.08 to $3,11 per cwt. for grade B milk production in 
cans, dairy cow numbers remain constant at ten. An extension of the range 
to $3.31 induces one additional cow. A 108 percent increase, from $1.86 
to $3.86 per cwt. in the price of grade B milk production for bulk-tank 
operation increases dairy cows from only eight to eleven — a 38 percent 
increase — in the optimum farm organization. Only a slightly contrasting 
situation is obtained when price increases for grade A milk production in 
bulk are observed at the $15,000 capital levelj an 80 percent price change 
from $2.54 to $4.54 per cwt. induces a 50 percent change in dairy cows 
from sixteen to twenty-four. These results along with further examination 
*Note that by definition of the variable price programming model 
there must be some change in the dairy enterprise before a movement to 
another price range is induced. However, all fractional changes are 
rounded to the nearest whole number. 
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of the plans in Tables 17-21 generally demonstrate that there are vide 
ranges in which prices may oscillate without changing the optimum farm 
plan. In other cases, changes from price range to range will induce small 
enterprise changes. 
Administrators of agricultural support programs may be concerned with 
the changing of the support price for butterfat from "85 to 75 percent of 
parity" to decrease the production or to minimize the "surplus" butter 
problem. If $0.65 represents 85 percent of parity, then the price at 75 
percent of parity is $0.57. Such a reduction in support price would have 
little effect, if any, on production in the type of price-quantity rela­
tionships exist as obtained in this analysis. In fact, at all three capital 
levels, price changes from $0.57 to $0.65 dô not result in any change in 
dairy cattle included in the optimum farm plan* However, an aggregate 
function might indicate smaller and smaller "steps" in the supply function. 
In such case, the $0.18 price change would induce production changes for 
some operators. 
Production Flexibility and Income Change 
The income gained by shifting from one optimum farm plan to another 
as prices change is perhaps the most decisive factor in determining whether 
this shift is made. Stated in terms of linear programming, the problem is 
this: the difference in income and the optimum plan for that price range 
will determine whether the farmer will shift to the optimum plan. 
These income differences for the various dairy techniques at the se­
lected capital levels are shown in Tables 23 - 27. Obviously, the optimum 
95 
plan must always have a greater income than the sub-optimum plan so the 
income difference is given in terms of the loss in income from remaining 
with a given plan under various price ranges. Some of these differences, 
however, are given as zero if the loss in income is less than $1.00.* 
The largest deviations in income between the sub-optimum and the op­
timum plans occur when the non-dairying plan (Plan 0) is compared with 
plans which include dairying. This is quite evident since the greatest 
difference in dairy cows included in plans would usually exist between the 
non-dairying plan and each succeeding plan induced by dairy price increases. 
The income loss from Plan 0 when price increases to §0.92 for cream at the 
$9,000 capita], level, for example, is $1,094; the dairy cow herd increases 
from zero to eight. Likewise, when Plan 0 is compared with Plan 1 in 
Table 26, the income loss is $1,905. In other words, if Plan 0 is adopted 
when grade A milk is selling for $3.49 per cwt., a loss of $1,905 in income 
would be sustained. This $1,905 is primarily a function of the size of the 
dairy herd, the price of milk and the variable cost associated with the 
herd. 
The comparisons among other plans generally do not show such large 
losses in income from the sub-optimum plan. The change in the size of the 
dairy herd among other plans is usually not as great as a change from Plan 
0 to one of the other plans. Plan 1 when compared with Plan 2 for cream 
at the $6,000 capital level shows only a $78.00 loss in income. An opera­
tor may then prefer to remain with Plan 1 as the price of butterfat 
"'Rounded error is suspected, however, in many cases where the price 
estimates were rounded to two decimal places. 
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increases from $0.67 to $0.90 since only #78.00 in income would be gained 
for the extra labor expended on two additional dairy cows. In many other 
situations the loss in income for not shifting from the sub-optimum to the 
optimum plan as price increases is even smaller than the $78.00. At the 
$15,000 capital level for cream, for example, we find that the range of 
income losses for remaining with Plan 1 as price increases are $0 to $5, 
$5 to $7, $7 to $62 and $62 to $568 as Plans 2, 3, 4 and 5 become optimum, 
respectively. Apparently the only significant change in income is from 
Plan 1 to Plan 5 as herd size increases from six to ten. This is the 
capital level where large quantities of short-fed yearlings compete for 
the limited resources and thus it takes large price increases in dairying 
to produce significant changes in income. Conversely, price decreases 
produce larger losses in income than price increases. Suppose, for exam­
ple, we choose to remain with Plan 4 at the same capital level as price 
decreases induce Plans 3, 2 and 1 to become optimum. Losses of income 
would range from #0 to #135, #135 to #183, and $183 to $354 for the three 
plans, respectively. 
Further examination of the data in Tables 22 - 26 shows this "asym­
metrical" situation for income losses as price increases and then price 
decreases are considered. The income losses from Plan 1 for grade A milk 
production in cans at the #12,000 capital level are |0 to #26, $26 to #187, 
$187 to $294 and #294 to $1,126 as price increases induce optimum Plans 2, 
3, 4 and 5, respectively. However, to remain with Plan 5 as price de­
creases, the resulting losses in income are $0 to $211, $211 to $546, 1546 
to $818 and $818 to $1,132 for Plans 4, 3, 2 and 1, respectively. This 
asymmetry of income losses suggest that it takes a larger price increase 
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Table 23» Comparison of income differences between the optimum plan and sub-optimum ] 
Price Dairy Optimum ______ 
Capital range cows income ranges 
level Plan (!) (head) (&) 0 
S 6,000 0 0.00 0.49 0 0 7542 —— 
1 0.49 0.67 2 7542 7621 0 7< 
2 0.67 0.90 4 7621 7800 79 25! 
3 0.90 1.03 6 7800 7945 258 40; 
4 1.03 1.23 11 7945 8293 403 75: 
$ 9,000 0 0.00 0.45 0 0 7797 —— —— 
1 0.45 0.92 8 7797 8891 0 109^  
2 0.92 1.02 9 8891 9125 1094 132£ 
3 1.02 1.25 10 9125 9708 1328 1911 
4 1.25 1.58 10 9708 10584 1911 2781 
$12,000 0 0.00 0.45 0 0 8055 
1 0.45 0.67 6 8055 8441 0 3& 
2 0.67 0.74 7 8441 8570 386 51; 
3 0.74 0.92 9 8570 8891 515 
s
 
4 0.92 1.02 9 8891 9124 *36 106S 
5 1.02 1.62 10 9124 10693 1069 263S 
aIncome figures rounded to the nearest dollar; income change less than $1.00 is d 
-optimum plan as prices vary for cream at selected capital levels 
Range of income loss from sub-optim-im plan ffe)a 
0 1 2 3 4 % 
— 0 115 441 1198 
0 79 115 0 441 213 1198 743 
79 258 0 78 223 0 743 240 
258 403 78 166 0 5 —_ —_ 240 0 
403 751 166 426 5 137 0 7 —— 
— ... - - C 96 159 278 
0 1094 96 0 159 27 278 86 
L094 1328 0 0 27 0 86 46 
1328 1911 0 37 0 1 46 0 
L911 2787 37 132 1 42 0 15 —=— 
0 38 171 354 491 
0 386 38 0 171 37 354 183 491 275 
386 515 0 5 —- 37 0 183 135 275 212 
515 836 5 7 C 0 135 0 212 41 
*36 1069 7 62 0 15 0 0 41 0 
.069 2638 62 568 15 429 0 147 0 50 —— —— 
1.00 is denoted by a zero. 
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Fable 24. Comparison of income differences between the optimum plan and sub-optimum plan ai 
Price Dairy Optimum 
Capital range cows income ranges 
level Plan (!) (head) (#) 
I 6,000 0 0.00 2.08 0 0 7542 
1 2.08 2.80 3 7542 7625 0 83 
2 2.80 3.55 4 7625 7800 83 258 
3 3.55 4.06 6 7800 7944 258 402 
$ 9,000 0 0.00 1.85 0 0 7733 
1 1.85 2.08 9 7733 7927 0 194 
2 2.08 3.11 10 8466 8795 194 1062 
3 3.11 3.31 11 8795 8962 1062 2229 
4 3.31 3.93 13 8962 9501 1229 1768 
5 3.93 4.06 14. 9501 9636 1768 1903 
#12,000 0 0.00 1.85 0 0 7930 — 
1 1.85 2.38 14 7930 8521 0 591 
2 2.38 2.70 U 8521 8889 591 959 
3 2.70 3.15 16 8889 9446 959 1516 
4 3.15 4.11 18 9446 10656 1516 2726 
aIncome figure rounded to nearest dollar; income change less than #1.00 is denoted by a 2 
imum plan as prices vary for grade B milk in cans at selected capital levels 
Ranee of Income loss from sub-optlraim plan 
0 121 407 
83 121 0 407 164 
258 0 2 164 0 
402 2 33 0 5 
0 0 23 301 613 
0 0 23 24 301 143 613 373 
0 1H 24 0 143 43 373 233 
114 235 0 178 43 0 233 171 
135 220 178 29 0 5 171 0 
220 260 29 56 5 28 0 0 
0 52 310 391 
52 o 110 35 391 205 
0 7 35 0 205 103 
7 56 0 11 103 0 
56 183 11 56 0 2 — 
toted by a zero. 
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Table 25# Comparison of income differences between the optimum plan and sub-optimum plan as ] 
Price Dairy Optimum _______________________ 
Capital range cows income ranges 
level Plan (£) (head) (&) 0 i 
$ 9,000 0 0.00 1.86 0 0 7797 • 
1 1.86 2.15 8 7797 7970 0 173 — 
2 2ol5 3.33 9 7970 8495 173 698 0 
3 3.33 3.57 9 8495 8962 698 1165 0 ] 
4 3.57 3.86 11 8962 9173 1165 1376 122 1 
5 3.86 4.46 12 9173 9707 1376 1910 155 
-
$32,000 0 0.00 1.86 0 0 7930 —— 
1 1.86 2.14 16 7930 8293 0 363 
— 
2 2.14 2.80 16 8293 9144 363 1214 0 
3 2.80 3.33 16 9144. 9834 1224 1904 0 
4 3.33 3.56 17 9834 10147 1904 2217 7 
5 3.56 3.86 17 10147 10547 2217 2617 23 
6 3.86 4.56 21 10547 H64I 2617 3711 36 1 
$15,000 0 0.00 1.86 0 0 8055 - 1 •• 
1 1.86 2.30 14 8055 8570 0 515 — 
2 2.30 2.57 15 8570 8891 515 836 0 
3 2.57 2.75 17 8891 9125 836 1070 7 . 
4 2.75 2.96 18 9125 9446 1070 1391 31 11 
5 2.96 3.90 20 9446 10838 1391 2783 107 41 
6 3.90 6.01 24 10838 14851 2783 6796 405 19< 
aIncome figure rounded to nearest dollar; income change less than $1,00 is denoted by a « 
i as prices vary for grade B in bulk at selected capital levels 
Range of inonmm loss from sub-optimum plan (I0a 
1 2 2 L 1 
0 31 372 349 593 
— 
— 31 0 372 333 349 266 592 480 
0 0 333 0 266 0 480 0 
0 122 0 298 0 0 0 74 
2 155 298 304 0 0 — 74 0 
5 321 304 416 0 97 0 3 
0 1 27 115 128 803 
- 1 0 27 21 115 93 128 104 803 687 
0 0 21 0 93 38 104 45 687 409 
0 7 0 2 38 0 45 4 409 193 
7 23 2 16 0 9 4 0 193 113 
3 36 16 27 9 13 0 0 —— 113 0 
6 112 27 96 13 64 0 0 0 4 
0 11 124 253 367 1189 
- 11 0 124 44 253 114 367 179 1189 847 
3 7 44 0 114 34 179 68 847 643 
7 31 0 19 
-— 34 0 68 15 643 526 
L 107 19 88 0 37 15 0 526 438 
r 405 88 356 37 159 0 0 
—— 438 0 
) 1961 356 1845 159 1320 0 872 0 640 —— —— 
r a zero» 
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Table 26c. Comparison of income differences between the cptimzm plan and sub-optimm 
Price Dairy Optimum 
Capital range cows income ranges 
level Plan (&T (head) ($) 0 
$ 6,000 0 0.00 2.38 . 0 0 7541 • ' — 
1 2.38 3.20 1 7541 7625 0 a 
2 3.20 3.94 3 7625 7800 84 25' 
3 3.94 4.55 4 7800 7944 259 40: 
4 4.55 5.45 8 7944 8294 403 75: 
$9,000 0 0.00 1.94 0 0 7797 —- — 
1 1.94 2.23 7 7797 7969 0 172 
2 2.23 3.94 8 7969 9173 172 137é 
3 3.94 4.05 10 9173 9267 1376 147C 
4 4.05 4.55 11 9267 9708 1470 1911 
5 4.55 5.45 14 9708 10593 1911 2796 
$12,000 0 0.00 1.94 0 0 7930 • • •' —— 
1 1.94 2.53 11 7930 8522 0 592 
2 2.53 3.10 12 8522 9125 592 1195 
3 3.10 4.05 13 9125 10248 1195 2318 
4 4.05 4.66 16 10248 10973 2318 3043 
5 4*66 6.35 17 10973 13516 3043 5586 
aIncome figures rounded to the nearest dollar; income change less than $1,00 is d< 
am plan as prices vary for grade A in cans at selected capital levels 
Range of income loss from f»iTw>pfr.^ Tnyrm plan 
1 2 2 k £ 
—— 0 110 346 1060 
84 111 0 346 112 1060 591 
259 0 100 112 0 591 267 
403 100 182 0 0 267 0 
753 182 440 0 136 0 1 
—— 0 38 392 604 1402 
172 38 0 392 307 603 491 1402 1206 
1376 0 160 307 0 491 14 1206 0 
L470 160 186 0 14 U 0 0 194 
1911 186 322 14 162 0 2 194 0 
>796 322 657 162 324 2 89 0 0 
0 41 179 861 1132 
592 41 0 179 72 861 564 1132 818 
195 0 26 72 0 564 308 818 546 
313 26 187 0 103 308 0 546 211 
043 187 294 103 174 0 3 | 211 0 
586 294 1126 174 903 3 544 1 
I 
0 0 
s denoted by a zero» 
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Table 27 « Comparison of income differences between the optimum plan and sub-optimum plan 
Price Dairy Optimum 
Capital range cows income ranges 
level Plan (&) (head) ($) 0 1 2 
$ 9,000 0 0.00 1.94 0 0 7797 —— . . . . . . .  0 2 
1 1.94 2.24 6 7797 7969 0 172 27 
2 2.24 3*75 7 7969 8962 172 1165 0 128 
- _ 
3 3.75 4.10 9 8962 9207 1165 1410 128 173 0 1 
4 4.10 4.70 10 9207 9707 1410 1910 173 329 13 11 
5 4.70 5.65 13 9707 10593 1910 2796 329 671 114 37 
$12,000 0 0.00 1.93 0 0 7930 . . . . . . . . .  .  . . . . .  0 10i 
1 1.93 3.49 13 7930 9835 0 1905 —— 106 1 
2 3.49 4.06 14 9835 10547 1905 2617 0 14 —_ 
3 4.06 4.10 16 10547 10605 2617 2675 14 23 0 1 
4 4.10 4.70 17 10605 11470 2675 3540 23 153 6 91 
5 4.70 5.65 19 11470 12890 3540 4962 153 412 98 29< 
$15,000 0 0.00 1.93 0 0 8056 —— 0 a: 
1 1.93 2.54 15 8056 8895 0 839 — —— 81 ( 
2 2.54 2.69 17 8895 9122 839 1066 0 16 — 
3 2.69 3.73 18 9122 10839 1066 1717 16 266 0 14* 
4 3.73 3.80 21 10839 10957 1717 118 266 230 148 17f 
5 3.80 4.10 23 10957 11564 118 607 230 484 176 33C 
6 4.10 4.21 23 11564 11799 607 235 484 564 330 39S 
7 4.21 5.05 24 11799 13600 235 1801 564 1180 399 93: 
8 5.05 5.80 24 13600 15236 1801 1636 1180 1759 933 1436 
aIncome figure rounded to nearest dollar; income change less than $1*00 is denoted by 
i plan as prices vary for grade A in bulk at selected capital levels 
Ranpa nf income loss from sub-optimum plan 
2 3 4 5 6 7 8 
27 339 598 1403 
7 0 339 262 598 491 1403 1215 
mm 
262 0 491 80 1215 395 
0 13 — — 80 0 395 220 
3 1U 0 1 220 0 ' 
4 370 1 98 0 3 —— 
106 443 565 1346 
6 0 443 107 565 140 1346 499 
- 107 0 140 2 499 206 
0 6 —- 2 0 206 193 
6 98 0 3 193 0 
8 296 3 60 0 4 
81 191 602 978 1107 1157 1170 
L 0 191 21 602 294 978 545 1107 643 1157 679 1170 692 
21 0 294 239 545 459 643 549 679 583 692 595 
D 148 239 0 459 7 549 44 583 55 595 67 
176 0 19 7 0 44 34 55 43 67 56 
330 19 129 0 A3 34 0 43 2 56 15 
) 399 129 182 43 71 0 6 — — 2 0 15 13 
? 933 182 594 71 292 6 55 0 6 13 0 
? 1438 594 989 292 518 55 126 6 40 0 17 
—— 
;ed by a zero* 
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to increase the dairy herd size than it does a price decrease for a cor­
responding decrease in the herd size for a given capital level. 
Price-Cost Squeeze for Dairy Operators 
This study presents certain results that are important for an operator 
in determining whether he should or should not produce cream or milk. Ac­
cording to economic concepts, if the price does not cover marginal costs, 
the entrepreneur should reduce production to that point where marginal 
costs are covered. The linear programming results, while not in terms of 
traditional continuous concepts, do indicate those price levels where the 
production of certain enterprises is no longer consistent with profit maxi­
mization. The results indicate not only the level where the "price-cost 
squeeze" is evident but suggest the alternative enterprises where the re­
sources should be employed. These results apply essentially to short-run 
adjustments but these adjustments may cover a long period of time, particu­
larly where there is substantial investment in equipment or fixed capital. 
The minimum prices where dairying goes out of the optimum plans sug­
gest that with the assumed average price levels for the different enter­
prises it may be difficult to squeeze farmers out of dairying. For cream 
production these minimum prices are $0.49 per lb. for the $6,000 capital 
level and $0.45 for the $9,000 and $15,000 capital levels, from $0.18 to 
$0.22 below the average price for butterfat in Iowa, 1956. The results 
from the grade A enterprise show a more marked relationship; a decrease 
of over $2.00 per cwt. for grade A milk from the average 1956 Sioux City 
market price of $4.05 before the enterprise is eliminated from the optimum 
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plans. Evidence here suggests that if a better-than-average dairy producer 
is producing milk for a grade A market, it takes over a #2.00 drop in the 
milk prices before it becomes profitable for him to shift all resources 
from dairying to other enterprises. With the restriction on hog production, 
these resources are usually employed in cattle feeding. 
Considerations for Federal Milk Marketing Orders 
The task of the market administrator of a federal milk marketing 
order includes the setting of a price for a particular area that will 
equate supply with demand. In order to minimize the misallocation of re­
sources caused by too high or too low a price, the administrator should 
have some concept of the area's demand and supply functions. He should 
be able to approximate how much of a price increase is necessary, for ex­
ample, to equate supply with an increase in demand. Although this study 
analyzes the supply function for a single firm, the results focus atten­
tion on some of the relevant considerations for price fixing under federal 
orders. 
The decrease in supply elasticity as capital level increases is evi­
dent. For example, consider a 25 percent increase in the price of grade 
A milk in cans, now selling for #3.50 per cwt. The number of dairy cows 
is increased from three to four, a 34 percent increase, at the $6,000 capi­
tal level; from 8 to 11, a 28 percent increase, at the #9,000 level; and 
from 13 to 16, a 23 percent increase, at the #15,000 level. An area which 
includes mostly dairy operators with high levels of capital operation re­
quires a larger increase in price for a given production increase than a 
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corresponding area with mostly dairy operators with low levels of capital 
operation. 
The type of dairying prevalent in the area is important to a market 
administrator. Apparently operators with bulk tanks will be more re­
sponsive to price change than operators using the cans. 
Significant implications for price-fixing in federal-regulated mar­
kets must consider, however, the aggregate supply function for the area as 
well as the demand function for milk products. 
Relevant Variables in Supply Responses Analysis 
Most of the previous studies dealing with dairy supply responses have 
attempted to estimate total output or output per cow by a few variables 
such as dairy product prices, feed and labor prices and the index of prices 
paid. This study suggests that other factors also contribute to the dairy 
supply functions in a dynamic econony. 
It appears that one of the most important factors to consider in any 
study of supply response is the level of capital investment of the opera­
tors. If some notion of the asset position, income position, or the avail­
able operating capital of the dairy operators can be obtained, this analysis 
suggests that a very significant part of the supply relationship can be 
explained. A relatively low capital-utilization enterprise, such as cream 
production or grade B in cans, will have its largest investment at the 
relative low levels of capital. When combined with enterprises that re­
quire high capital investments such as cattle feeding enterprises, these 
dairy enterprises will decrease in size as the level of operating capital 
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increases. Other dairy enterprises which utilize relative large amounts 
of capital such as grade A in bulk will have relative larger outputs at the 
high levels of capital investment rather than the low levels. Furthermore, 
investment in.these high capital-utilization enterprises will not take 
place until a relative high level of capital is reached. Relatively large 
investments in fixed equipment make other enterprises more profitable at 
the low capital levels. Thus it seems that a significant relationship 
could be established between the capital position of the operator and dairy 
output; an inverse relationship in the case of the output of some dairy 
enterprises and a positive relationship for others. 
The results from this analysis suggest that the number of other kinds 
of livestock in the farm organization affects the volume of dairy produc­
tion. Hog and beef cattle enterprises affect the size of the dairy herd 
inversely. With the restricted hog enterprise, beef cattle were included 
in the farm plan at high capital levels with cream or grade B milk produc­
tion in cans and at high capital levels coupled with low dairy prices for 
all other dairy techniques. 
Hog production, on the other hand, is not related so directly to the 
level of capital investment, the most limiting "resource" for the enter­
prise being the hog housing restriction. When this restriction is relaxed, 
production expands to 53 litters until the hay or corn supply is exhausted. 
These large investments in the hog enterprise either (l) block out the 
dairy enterprise completely, or (2) reduce dairy production, depending on 
the relative profitability of the dairy and the hog enterprise. It fol­
lows then that the price of hogs is an important variable when analysing 
the supply of dairy products, particularly in the Iiighly competitive 
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livestock areas of the grain belt. 
Since hog production depends not merely on the price of hogs but also 
on the hog-corn price ratio this ratio would be a more comprehensive varia­
ble to be used in the supply function. As the hog-corn ratio increases, 
dairy production would be expected to decrease. Conversely, a hog-corn 
ratio decrease would lead to an expanded dairy enterprise, consequently an 
increase in output. 
The importance of labor in dairy production is demonstrated when 
labor-hiring is included as an activity. The hiring of spring labor at 
§1.04 per hour results in an increase in the size of the dairy herd, the 
largest increase occurring for those enterprises that are high-consumers 
of labor resources. Results suggest that dairy output is a function of 
the available on-far m labor as well as the cost of hired labor. If it can 
be assumed that the cost of hired labor is a function of the available on-
farm labor supply, one would be justified in using just the farm wage rate 
as an independent variable. However, if the farm wage rate is determined 
mainly by forces outside of the firm, the use of the two variables — farm 
wage rate and an index of available farm labor — is recommended. 
Many studies dealing with short-run supply analysis have included 
feed as the major variable. Hay and grain inputs are usually related to 
milk production. Milk production in the planning period is conceived to 
be a function of varying quantities of feed supplies, and such other as­
sociated inputs as labor, equipment and electricity; these are combined 
with such fixed factors as the cow, managerial ability, and buildings. 
This study supports the use of feed inputs as a variable for dairy 
supply function. The available supplies of both corn and corn equivalent 
107 
and hay and hay equivalent determine to some extent the size of the dairy 
enterprise. If a hog-corn price ratio is considered as one of the inde­
pendent variables, then there appears to be little need to consider the 
available supply of corn as a variable. The available supply of hay and 
hay equivalent (permanent pasture) could then either be included in total 
tons available or number of acres devoted to hay production. 
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SUMMûHT 
TMs study is concerned with an application of some recent develop­
ments in linear programming to the problematic area of supply response in 
dairying. The special techniques of continuous capital restriction and 
variable price programming are utilized in order to (l) identify the forces 
that determine the volume of cream and milk on the farm and (2) determine 
the usefulness of linear programming for the derivation and analysis of 
supply functions in agriculture. 
Sioux County, Iowa, was selected as the area of concentration for this 
study because of its varied farming programs, particularly the livestock 
enterprises and the emphasis on dairy production in the area. The 160-acre 
farm selected for consideration is typical of the soil type, farm size, 
livestock and cropping programs, farm machinery and building facilities for 
the locale. 
The basic enterprises considered for this farm are five dairy activi­
ties, five cattle feeding enterprises, spring and fall hog farrowing sys­
tems, a supplementary poultry enterprise and five crop rotation systems 
with four levels of fertilization. Cream production, grade B in cans and 
bulk, and grade A in cans and bulk are the dairy activities assumed fea­
sible for producers in the area, based on information available from cen­
sus data, extension specialists, dairy technology and market outlets in 
the area. 
The initial plans in this study are restricted to the resources avail­
able to the typical farmer. These resource restrictions include 135 acres 
of rotated land, 17 acres of permanent pasture, 390 hours of operator's 
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labor for June, July and August and 260 hours for the remaining months, 
housing for 200 poultry, 15 litters of spring and fall hogs and 30 dairy 
cows. Some of these restrictions are relaxed in later phases of the 
analysis. 
All prices except the dairy prices used in the study are projected 
estimates for Iowa, I960. The dairy prices used in the fixed price pro­
grams are average market prices for the products in the Sioux County mar­
keting area. 
Answers to four general questions are sought in the analyses of the 
five dairy activities. These questions are: (1) How do variations in the 
capital level affect the number of dairy cows included in the optimum 
plans? (2) What changes in dairy cow numbers occur as the prices of the 
dairy enterprises are varied? (3) How do simultaneous variations in hog 
and wink prices affect the optimum plans? (4) What changes occur in the 
optimum plans as certain changes are made in the price of corn and in the 
availability of labor? 
As the level of capital investment increases the size of the dairy 
herd kept for cream increases until the herd size reaches a maximum of nine 
at the $3,193 capital level. This herd size remains constant at the $8,559 
level and then decreases as capital investment increases beyond this point. 
With the decrease in cow numbers at the higher capital levels, substantial 
investments of 23 and 32 feeder cattle are included in the optimum plans 
at the $13,605 and $15,599 capital levels respectively. 
The level of capital investment has no influence on dairy cows kept 
for grade B milk production in cans beyond the $10,640 level where the 
maximum herd size is reached» Further investments return only three percent 
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to capital. Fall and spring labor resources prevent further expansion of 
the enterprise. 
Grade B milk production in bulk permits a larger dairy enterprise than 
grade B in cans. The maximum herd size of eighteen is reached at the 
S13,228 capital level. The assumed savings in labor for the bulk tank op­
eration permits this additional expansion over the can operation. The re­
sults suggest that beyond the $12,000 capital level, it is profitable to 
shift from a can operation to a bulk-tank set-up. 
Grade A dairying is more profitable between the #10,000 and $12,000 
capital levels than any of the previous dairy techniques. The average re­
turn per dollar invested is higher for this range than for a comparable 
range for either cream, grade B in cans or bulk. With the assumed high 
management level for grade A dairying, cattle feeding enterprises do not 
enter the optimum plans. 
Above the $12,000 capital level, the results for grade A in bulk ap­
pear to be an extension of the capital levels from those of grade A in cans. 
Beyond this level, it becomes profitable to switch from grade A in cans to 
the bulk operation and to make substantial increases in the dairy herd 
size. Herd size increases to a maximum of 24 at the $16,000 capital level. 
Major shifts occur in the cropping programs, from less acreage in a GC0 
rotation to more of the high hay-producing rotation, CCGMM. 
The capital optimums when plotted against income and herd size show 
the expected income and corresponding herd sizes for all capital levels. 
These capital-income curves are "concave from below" indicating diminishing 
marginal productivity of capital as additional investment is made at suc­
cessive capital levels. Important implications are suggested by a 
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comparison of the capital-income curves for cream, grade A in cans or in 
bulk to the problem of farmers remaining in supposedly "low efficient" 
dairy production such as cream rather than shifting to one of the "more 
efficient" dairy techniques« Results indicate that the income difference 
for a low capital level, say #6,000, is only #150 or $200 from which also 
must be deducted any cost transfer. At higher capital levels, these 
capital-income lines become more divergent, thus suggesting greater prof­
itability for shifting from the "less efficient" to the "more efficient" 
techniques. 
The price of cream has a positive relationship on the dairy herd size 
and an inverse relationship on the herd size for feeder cattle. On the 
other hand, capital level has a positive relationship on the herd size for 
feeder cattle and both a positive and an inverse relationship on the dairy 
herd size. The greatest investment in dairy cows for cream production is 
induced by high dairy prices at low capital levels and the largest invest­
ment in cattle feeding at high capital levels with low dairy prices. 
Essentially, the stepped supply responses derived in this study can 
be used by those producers contemplating the making of long-run adjustments 
or can readily make adjustments in their livestock programs. Generally, 
these functions are steep or inelastic throughout their range, if one would 
draw a line connecting all the "border" prices. In other words, changes in 
the price of the dairy enterprises induce even smaller changes in the size 
of the dairy herd. 
With a few exceptions, the following generalizations can be made re­
garding the price responsiveness of the dairy enterprises, 
(1) Cream supply is more inelastic than any of the other enterprises. 
112 
(2) Among the other techniques, grade A in cans is more price respon­
sive than grade B in cans; grade A in bulk more responsive than grade B in 
bulk; and grade A in bulk appears to be the more responsive of all the 
techniques. 
(3) The price elasticity for each given technique decreases as the 
capital level increases. 
The price level at which dairying goes out of the optimum plans is 
successively lower as capital level increases. Apparently once a producer 
is set up for milk production it takes successively lower prices to squeeze 
him out of dairy production as his capital level increases. 
Spring labor is the most restrictive resource for dairy production. 
At high levels of investment, fall labor and, less frequently, hay and corn 
supplies become limitations!. 
Grade A milk production in bulk is the only dairy enterprise that can 
compete successfully for the limited resources when the hog housing re­
striction is relaxed and average prices are used. Grade A in bulk enters 
the optimum plans only at the high capital levels. 
When variable prices are considered with the relaxed hog restriction, 
cream production is not included in the optimum plans for any relevant 
cream price. To profitably produce grade A milk in cans, the price for 
milk must be either at least $4*97 per cwt. when the hog price is §16.00 
per cwt. or $4.70 per cwt. when hog price falls below $15.84 per cwt. The 
negative relationship between the price of hogs and milk output are clearly 
exhibited when hog price variations are considered with grade A miIV pro­
duction in bulk. If the price of milk is $4*70 per cwt., thirteen, three 
and zero dairy cows are profitable for #14.00, $16.00 and §19.00 hog price 
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levels respectively. 
The results of the analyses with the labor hiring activity suggest the 
following generalizations. (l) The availability of hired labor has little 
effect on the optimum farm organization except at the higher capital lev­
els. (2) At these higher capital levels, the dairy enterprise is increased; 
the cattle feeding enterprise decreased, if included in the plan with no 
labor; and the hog enterprises remain about the same. (3) The hiring of 
labor increases the marginal productivity of capital for a given level of 
investment. 
Twenty-cent increases and decreases in the price of corn from #1.30 
per bushel were considered for grade A milk production in cans with the 
relaxed hog housing restriction. The hog-corn price ratio of 10.6 to 1 for 
the $1.50 corn price situation results in a decrease in hog production and 
an increase in the dairy herd over the #1.30 corn-price situation. The 
average return, .95, for the final capital optimum with the $1.50 price was 
only slightly higher than the average return, .92, for the #1.30 corn price 
plans. 
A twenty-cent decrease in the corn price did not result in an increase 
in hog production and a decrease in dairy production as one would suspect 
from the above results. Rather, the plans with the hog-corn price ratio 
of 14.5 to 1 were almost identical with the plans for #1.30 corn price. 
Factors other than price of corn — hay and labor supply — combine to 
prevent further increases in the already large investments in hogs. 
Several situations are revealed in the study where the inflexibility 
of production as product prices oscillate is not inconsistent with profit 
maximization. These situations are: (1) the wide range in which the prices 
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of some enterprises may oscillate without changing a given optimum enter­
prise combination, (2) the small production changes associated with dif­
ferent optimum plans as prices change, and (3) the small change in income 
associated with some other optimum plan as prices change. Certain impli­
cations for farm adjustment and agricultural policy are suggested by such 
results. 
Administrators of agricultural support programs concerned with in­
creasing or decreasing dairy production should be aware of the wide ranges 
where prices may oscillate without changing the number of dairy cows in an 
optimum farm plan. 
Information regarding the percentage change in production induced by 
a percentage change in price is needed by market administrators of federal 
milk orders. The variation of dairy production as the level of capital 
operation changes can be useful in predicting supply responses for an area. 
Results on the minimum level where dairying is included in an optimum 
farm plan can be incorporated in the recommendations made by extension 
specialists on the farm adjustment problem. 
Suggested variables to include in a dairy supply function are: (l) 
level of capital operation or asset position of the operator, (2) price 
received for dairy products, (3) hog-corn price ratio, (4) beef price, and 
(5) available on farm labor and wage rate for farm labor. 
It is hoped that more study and empirical work will build succes­
sively into broader applications of linear programming to the analysis of 
industry and regional supply relationships. 
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APPENDIX A: BASIC DOT-OUTPUT DATA AMD PRICES IN THE ANALYSIS 
Tables 28 - 36 present the input-output data used for the various 
livestock and crop enterprises. Table 37 gives the prices used in the 
fixed price programs. 
These estimates of the resource requirements for each enterprise con­
sidered were obtained from published and unpublished results of studies 
conducted by the Iowa Agricultural Experiment Station and agricultural ex­
periment stations of surrounding states. The author also drew heavily on 
the available data used in other relevant linear programming studies in 
the department. In cases where data were not available it became neces­
sary to resort to the use of estimates based upon the judgement of spe­
cialists familiar with the enterprises. The estimates used in the study 
are believed to be those most nearly representative of the resource re­
quirements and the production that actually exist for Sioux County, Iowa. 
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Table 28. Basic input-output data for the dairy enterprises on a cow basis ( 
Cream 
Outputs (pounds) 275.00 
Inputs 
Feed requirements 
Corn (bushels) 43.00 
Hay (tons) 3.00 
Pasture (hay equivalent tons) 2,50 
Soybean meal (pounds) 160.00 
Annual cash expenditures (dollars) 
Soybean meal 6.72 
Power 5.30 
Equipment, use and repair 1.18 
Mineral supplement 1.28 
Artificial insemination 6.00 
Buildings and fences, repair 6.45 
Veterinary, taxes, insurance 2.56 
Haying 11.88 
Total annual cash expenditures (dollars) 41.37 41.37 
Investment in equipment (dollars) 57.40 87.90 
Investment in basic stock (dollars) 242.00 242.00 
Capital coefficient (dollars) 340.77 371.27 
ry enterprises on a cow basis (including replacements) 
Cream 
Grade B 
cans 
Grade B 
bulk 
Grade A 
cans 
Grade A 
bulk 
275.00 8,000.00 8,100.00 9,000.00 9,100.00 
43.00 
3.00 
2.50 
160.00 
43.00 
3.001 
2.501 
160.00i 
43.00 
3.00 
2.50 
160.00 
47.00 
3.20 
2.50 
280.00 
47.00 
3.20 
2.50 
280.00 
6.72 
5.30 
1.18 
1.28 
6.00 
6.45 
2.56 
11.88 
41.37 
57.40 
242.00 
340.77 
6.72| 
5.30Î 
1.18: 
1.28} 
6.001 
6.451 
2.56} 
11.88' 
41.37 
87.90 
242.00 
371.27 
6.72 
5.30 
1.18 
1.28 
6.00 
6.45 
2.56 
11.88 
41.37 
137.27 
242.00 
420.64 
11.76 
5.57 
1.77 
1.28 
6.00 
8.61 
3.84 
12.67 
51.50 
110.26 
320.00 
481.76 
11.76 
5.57 
1.77 
1.28 
6.00 
8.61 
3.84 
12.67 
51.50 
141.70 
320.00 
513.20 
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Table 29. Basic input-output data for the beef cattle enterprises on a head basis 
Yearlings, 
short-fed 
Yearlings, 
drylot-fed 
Outputs 
Purchased (date) 
Sold (date) 
Initial weight (pounds) 
Sell weight (pounds)8. 
Grain (pounds) 
Death loss (percent) 
Nov» & May 
May & Nov. 
670 
1,040 
370 
1.5 
Novo 
Sept. 
610 
1,070 
460 
1.5 
Inputs 
Feed requirements 
Corn and equivalent (bushels) 
Protein (pounds) 
Hay and equivalent (tons) 
Annual cash expenditures (dollars) 
Haying 
Protein 
Power 
Equipment, use and repair 
Miscellaneous 
Feeder stock 
Total annual expenditures (dollars) 
Investment in equipment (dollars) 
Capital coefficient (dollars) 
100.00 
400.00 
1.70 
5.00 
9.00 
2.00 
2.25 
1.75 
254.60 
274.60 
13.50 
288.10 
55.00 
200.00 
1.70 
6.73 
8.40 
1.76 
1.85 
1.72 
115.90 
136.36 
13.50 
149.86 
aDeath loss included. 
I^ncludes power, use and repairs of machinery associated with harvesting. 
°Value of cow, calf and replacement, $265.72, included in the coefficient. 
ses on a head basis 
Yearlings, Steer calves, Beef-cow and 
drylot-fed drylot-fed replacements 
Uovc Oct. 90 percent calf crop 
Sept. Aug. 12.5 percent replacement 
610 430 750 lbs. calf + 
1,070 980 150 lbs. of beef cow kept 8 years 
460 550 
1.5 2.5 2.5 
55.00 63.00 46.00 
200.00 260.00 178,00 
1.70 .92 6.82 
6.73 3.64 7.45 
8.40 10.92 7.49 
1.76 2.31 2.99 
1.85 2.42 3.31 
1.72 2.26 4.56 
115.90 88.15 
136.36 109.70 25.80 
13.50 13.50 28.06 
149.86 123.20 319.58° 
h harvesting, 
e coefficient 
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Table 30. Basic input-output data for the hog.enterprises on a litter 
basis 
Spring 
litter 
Fall 
litter 
Outputs 
Pigs weaned (number) 
Death loss (percent) 
Pigs sold (number) 
Total pounds sold3 
7.8 
0.3 
6.5 
1,730 
7.8 
0.3 
6.5 
1,730 
Inputs 
Feed requirements 
Corn (bushels) 110 120 
Protein supplement (pounds) 520 700 
Hay and equivalent (tons) .7 
Annual cash expenditures (dollars) 
Protein 21.84 29.40 
Power and machinery * 4.61 4.82 
Equipment, use and repair 2.15 2.31 
Boar service 2.00 2.00 
Miscellaneous supplies 1.47 1.47 
Veterinary and medicine 6.58 6.58 
Taxes and insurance 2.19 2.19 
Buildings and repairs 1.23 1.30 
Total annual expenditures (dollars) 42.07 50.07 
Investment in equipment (dollars) 23.89 25.88 
Investment in sow (dollars) 33.75 33.75 
Capital coefficient (dollars) 99.71 109.70 
aIncludes pigs sold at 220 pounds and a 300-pound sow. 
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Table 31. Basic input-output data for the poultry laying flock and re­
placement on a hen basis 
Poultry 
(each) 
Outputs 
Eggs (dozens) 15.00 
Meat (pounds) 4.87 
Inputs 
Grain (bushels) 1.60 
Commercial feed (pounds) 41.99 
Labor (man-hrs.) 2.10 
Annual cash expenditures (dollars) 
Sexed chicks .30 
Commercial feeds 1.73 
Power .06 
Equipment .22 
Miscellaneous .15 
Total annual cash expenditures (dollars) 2.46 
Investment in equipment (dollars) 1.15 
Capital coefficient (dollars) 3.67 
Hen mortality (percent) 15.00 
Chick mortality (percent) 10.00 
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Table 32. Pounds per acre of available nutrients needed for different 
rotations and fertilization levelsa 
Fertilization levels 
- ,  .P , . . .  1  2 3 
Rotation N P K N P K N P K N P K 
Corn 0 0 0 25 15 0 50 50 0 80 60 0 
Oats 0 0 0 10 20 0 15 5 0 20 10 0 
Corn 0 0 0 25 15 0 50 50 0 80 60 0 
Corn ' 0 0 0 25 15 0 50 25 0 70 30 0 
Oats 0 0 0 10 15 0 15 5 0 20 10 0 
Corn 0 0 0 25 15 0 50 50 0 80 60 0 
Soybeans 0 0 0 0 0 0 0 0 0 0 10 0 
Corn 0 0 0 15 15 0 45 40 0 75 40 o 
Oats 0 0 0 10 20 0 15 5 0 20 10 0 
Meadow 0 0 0 No direct application 
Corn 0 0 0 5 15 0 10 50 0 40 60 0 
Corn 0 0 0 20 15 0 50 25 0 70 30 0 
Oats 0 0 0 10 25 0 15 15 0 20 30 0 
Meadow 0 0 0 No direct application 
Corn 0 0 0 5 15 0 10 50 0 40 60 0 
Corn 0 0 0 15 15 0 40 25 0 60 30 0 
Oats 0 0 0 10 25 0 15 35 0 20 50 0 
Meadow 0 0 0 No direct application on first year meadow 
Meadow 0 0 0 0 0 0 0 0 0 0 0 0 
aThese estimates are based on the typical soil test for the county, 
i.e., low in nitrogen and phosphorus and high in potassium. 
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Table 33. Estimated crop yield per acre for various fertilization levels 
and crop management on galva and associated soils3. 
Fertilization levels 
Rotation Unit 0 1 2 3 
Corn bushels 51 59 64 66 
Oats bushels 38 46 49 51 
Corn bushels 53 61 66 68 
Corn bushels 48 56 61 63 
Oats bushels 36 44 47 49 
Corn bushels 51 59 64 66 
Soybeans bushels 20 21 23 24 
Corn bushels 51 59 64 66 
Oats bushels 38 46 49 51 
Meadow tons 2.2 2.4 2.7 2.8 
Corn bushels 53 60 62 63 
Corn bushels 46 54 59 61 
Oats bushels 36 44 47 49 
Meadow tons 2.2 2.4 2.7 2.8 
Corn bushels 58 65 67 68 
Corn bushels 49 57 62 64 
Oats bushels 36 44 47 49 
Meadow tons 2.2 2.4 2.7 2.8 
Meadow tons 2.0 2.2 2.4 2.5 
aCrop yields estimated from average responses of crops to different 
levels of fertility obtained from Dr. John Pesek, Iowa State College 
Agronomy Department. The following assumptions are made: 
(1) The typical soil in Sioux County is low in nitrogen and 
phosphorus and high in potassium. 
(2) The average yield for this county is based on a 1941-55 
average: 51 bushels per acre of corn; 38 bushels of oats; 
20 bushels of soybeans; and 2.2 tons of hay per acre. 
(3) The yield response estimates for fertilizer have been 
built around the average county yield, the average 
county soil test, the expected climatic maximum pro­
duction and generalized responses to nitrogen. 
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Table 34. Labor requirements for the dairy enterprise, annually by months, 
in man-hours, on a cow basis8. 
Cream 
Grade B 
milk 
cans 
Grade B 
milk 
bulk 
Grade A 
milk 
cans 
Grade A 
milk 
bulk 
Total hours 
per year 154.00 124.00 87.00 117.00 89.00 
January 16.94 13.64 9.57 12.87 9.79 
February 16.17 13.02 9.14 12.29 9.35 
March 16.94 13.64 9.57 12.87 9.79 
April 14.63 11.78 8.26 11.12 8.45 
May 11.55 9.30 6.53 8.76 6.68 
June 9.24 7.44 5.22 7.02 5.34 
July 9.24 7.44 5.22 7.02 5.34 
August 10.01 8.06 5.65 7.61 5.78 
September 9.24 7.44 5.22 7.02 5.34 
October 11.55 9.30 6.53 8.78 6.68 
November 13.09 10.54 7.39 9.95 7.56 
December 15.40 12.40 8.70 11.70 8.90 
aGilsonls estimates of the annual percentage distribution of labor 
requirements (17). 
127 
Table 35. Labor requirements for livestock, annually and by months, in 
man-hours, on a head basis3 
Beef cow-
' calf 
Yearlings, 
drylot fed 
Steer calves 
drylot fed 
Spring 
hogs 
Fall 
hogs 
Total hours 
per year 22.70 25.20 29.07 26.00 33.00 
January 2.04 .51 1.01 1.69 3.60 
February 2.04 .51 .99 1.48 3.20 
March 2.27 .51 .99 1.48 2.51 
April 1.53 .51 1.39 7,02 2.31 
May .77 2.49 2.51 .99 1.78 
June 3.75 6.90 5.10 .99 1.55 
July 3.31 6.25 4.71 2.16 1.72 
August .77 2.48 2.51 2.16 1.65 
September 2.91 4.42 4.37 1.69 2.71 
October .77 3.50 3.17 4.29 
November 1.01 .31 .99 1.48 4.09 
December 1.53 .31 1.01 1.69 3.60 
aHusainfs winter estimates for livestock enterprises in western Iowa 
(22). 
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Table 36. Labor requirements for rotations, by months, in man-hours, on a rotati 
Rotation*3 January February March April May J 
OOo 0 0 .355 1.721 1.540 0 
CCp 0 0 .355 2.021 1.640 1.! 
CCOq 0 0 .355 2.547 3.080 loi 
GGOF 0 0 .355 2.847 3.280 2.1 
CSbGOMo 0 0 .355 3.147 4.52 7.; 
CSbCOMp 0 0 .355 3.447 4.92 7 
CCOMq 0 0 .355 2.547 3.08 7.1 
o
 
o
 
J
 
0 0 .355 2.847 3.28 7.: 
CCGMMo 0 0 .355 2.547 3.08 IOoE 
CCŒ% 0 0 
.355 2.847 3.28 11. c 
U^npublished estimates from Ross Bauman, Department of Economics and Sociolog 
S^ubscript 0 denotes no fertilizer application; subscript F denotes fertilize 
otation-unit basis3 
June July August September October November December 
.917 2.624 1.875 .140 1.036 1.428 .364 
1.017 2.624 1.875 .140 1.036 1.428 .364 
1.834 3.373 1.875 .280 2.072 2.856 .728 
2.034 3.373 1.875 .280 2.072 2.856 .728 
7.257 7.883 1.878 3.710 3.710 3.932 3.216 
7.457 7.883 1.875 3.710 3.710 3.932 3.216 
7.254 7.223 1.875 3.530 2.072 2.856 .728 
7.354 7.223 1.875 3.530 2.072 2.856 .728 
10.874 11.073 1.875 6.780 2.072 2.856 .728 
11.074 11.073 1.875 6.780 2.072 2.856 .728 
iology, Iowa State College, 
ilizer application. 
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Table 37. Prices used in the study3. 
Assumed price 
Enterprise (dollars) 
Corn (bushel) 1.30 
Oats (bushel) .70 
Soybeans (bushel) 2.40 
Milk, grade A (cwt.) 4.05 
Milk, grade B (cwt.) 2.70 
Cream (pound) .67 
Barrows and gilts (cwt.) 16.00 
Sows (cwt.) 13.50 
Feeder yearlings (cwt.) 19.00 (650#) 
Feeder calves (cwt.) 20.50 (650#) 
Fat steers, choice (cwt.) 21.25 (1070#) 
Fat calves, choice (cwt.) 21.25 (1070#) 
Chickens (pound) .21 
Eggs (dozen) . .35 
Heifers (cwt.) 15.00 
aAll prices except the milk prices are projected estimates made by 
the United States Department of Agriculture for Iowa, i960. These prices 
are for research purposes only and not to be used as forecasts. 
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.APPENDIX B: ENTERPRISES CONSIDERED AI© SITUATIONS ANALYZED IN THE STUDY 
A complete list of the enterprises and activities along with the situ­
ations are given in Tables 38 and 39 respectively. 
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Table 38. List of activities or enterprises included in the study 
Enterprise 
number Activity or enterprise 
P]_ Cream production 
?2 Grade B milk production in cans 
Pj Grade B milk production in bulk 
P^  Grade A milk production in cans 
P5 Grade A milk production in bulk 
P5 Short-fed yearlings 
P7 Drylot-fed yearlings 
Pg Drylot-fed steer calves 
Pg Beef cow-calf enterprise 
PlO Spring-farrowed hogs 
P-jj Fall-farrowed hogs 
Pl2 Poultry 
P13 COo 
P14 COL 
p15 C02 
P16 co3 
P17 CC00 
Pl8 GCOl 
Pl9 CCO2 
P2o CCO3 
Pg2 CSbCCMQ 
P22 CSbCGMi 
P23 CSbC0M2 
P2/ CSbCO.13 
P25 CCQMMQ 
?26 CCO% 
P27 CCQMM2 
P2b CCOMM3 
P29 Dairy selling activity 
P30 Hog selling activity 
Labor buying activity 
132 
Table 39» Situations analyzed 
Situation 
number Situation 
1 Continuous capital for P%, P© - Pgg 
2 Continuous capital for Pg, P£, - Pgg 
3 Continuous capital for P3, P5 - Pgg 
4- Continuous capital for P^ , P5 - Pgg 
5 Continuous capital for P^ , P& - Pgg 
6 Variable pricing for P]_ with P& - P29 for $6,000, $9,000 
and $15,000 capital levels 
7 Variable pricing for Pg with P& - P29 for #6,000, $9,000 
and $15,000 capital levels 
8 Variable pricing for P3 with P$ - P29 for #9,000, #12,000 
and §15,000 capital levels 
9 Variable pricing for P^  with P& - P29 for $6,000, $9,000 
and #12,000 capital levels 
10 Variable pricing for P5 with P5 - P29 for $9,000, $12,000 
and $15,000 capital levels ' 
11 Continuous capital, relaxed hog restriction for P%, 
p6 - P2B 
12 Continuous capital, relaxed hog restriction for P4, 
p6 - p28 
13 Continuous capital, relaxed hog restriction for P5, 
p6 - p28 
14. Variable pricing, relaxed hog restriction for P]_, P%o, 
Pjj_ with P5 - P30 for $9,000 capital level 
15 Variable pricing, relaxed hog restriction for P ,^ P]_Q, 
*11 F6 ~ p30 for $9,000 capital level 
16 Variable pricing, relaxed hog restriction for P5, P]_Q, 
P1X with P6 - P30 for $9,000 capital level 
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Table 39. (Continued) 
Situation 
number Situation 
17 Continuous capital, relaxed hog restriction for Pj, 
p6 - P31 
18 Continuous capital, relaxed hog restriction for P,, 
p6 " P31 
19 Continuous capital, relaxed hog restriction for Pc, 
?6 " P31 
20 Continuous capital, relaxed hog restriction for $0.20 
increase in corn price, P^ , P^  - P^ g 
21 Continuous capital, relaxed hog restriction for #0.20 
decrease in corn price, P^ , P^  - P2g 
